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Description 

Background of the Invention 

[0001] The present invention relates generaliy to an 
encapsulated endoiuminal stent comprising a stent in- 
separably encased between at least two polytetrafluor- 
oethylene grafts. 

[0002] In one aspect, the present Invention provides 
a method of making such a stent. In another aspect, de- 
fined In claim 1 hereinbelow, the present Invention pro- 
vides a vascular stent which differs from stents as dis- 
closed in WO-A-95/05132 by the technical features re- 
cited in the characterising part of claim 1 . 
[0003] In accordance with the preferred embodiments 
of the present invention, the grafts are tubular grafts are 
longitudinally expanded potytetrafluoroethylene tubular 
extrudates (ePTFE) and the stent is a pressure-expand- 
able stent. The present invention also provides a meth- 
od for making the inventive ePTFE encapsulated stent 
and a method for endoiuminal delivery of the Inventive 
ePTFE encapsulated stent. More particularly, a first pre- 
ferred emkxxjiment of the present inventk>n relates to a 
radially balbon-expandable encapsulated stent for en- 
dovascular delivery which comprises a balloon-expand- 
able tubular stent member interdisposed between two 
radially balloon-expandable tubular ePTFE grafts. The 
two radially balloon-expandable tubular ePTFE grafts 
are made by extmding a PTFE-lubricant mixture 
through a ram extruder into a tubular shaped extrudate 
and longitudinally expanding the tubular extrudate to 
yiekJ a uniaxially oriented node-fibril microstructure In 
which substantially all of the fibrils in the ePTFE mrcro- 
structure are oriented parallel to one another in the axis 
of longitudinal expansion. ePTFE tape or sheet materi- 
als may be substituted for the tubular ePTFE grafts. 
[0004] The method of making the encapsulated stent 
generaliy includes the steps of providing a first tubular 
ePTFE graft member about a mandrel, concentrically 
positioning a pressure-expandable stent over the first 
ePTFE graft member such that the first tubular ePTFE 
graft member covers at least a substantial extent of the 
luminal surface of the stent, and concentrically position- 
ing a second tubular ePTFE graft member over the stent 
such that the second tubular ePTFE graft member cov- 
ers at least a substantial extent of the ablumlnal surface 
of the stent, applying an external positive circumferential 
pressure or an internal radial pressure to assembly to 
cause a physical interactk)n and adhesion between the 
node-fibril microstructure of the first and second ePTFE 
graft members through wail openings in the stent, and 
fully sintering the stent-graft assembly to create a sub- 
stantially nrK>nollthic encapsulatk>n of the stent. 
[0005] The use of implantable ePTFE vascular grafts 
is well known In the art See, for example, EP-A-551 1 79. 
These types of grafts are typically used to replace or 
repair damaged or occluded bkxxJ vessels with in the hu- 
man body. \^scuiar grafts, particulariy ePTFE vascular 
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grafts are surgically implanted using either end-to-end, 
side-to-end, or end-to-side anastomoses using sutures 
to join the graft to a healthy blood vessel. In certain ap- 
plications, such as in repair of abdominal aortk: aneu- 

s rysm, the grafts are used to exclude the aneurysm by 
end-to-end anastomosis with healthy aortic tissue prox- 
imal and distal to the aneurysm with an unsupported re- 
gion of the graft subtending and excluding the aneu- 
rysm. The graft may be anastomotized using sutures, 

10 or use of a radially expanded stent whbh acts as an at- 
tachment between the graft and the healthy aortic tis- 
sue. 

[0006] The use of endoiuminal stents, particularly en- 
dovascular stents, has been the subject of considerable 

IS interest among the medical profession, particularly vas- 
cular surgeons. Endovascular stents are presently be- 
ing used as a post-angtopiasty adjunct to maintain the 
angioplasty-treated bkxxi vessel in an open condltbn. 
Examples of endoiuminal stents known in the art are 

20 pressure-expandable stents which are radially expand- 
ed using an angioplasty balkDon, as exemplified by the 
PALMAZ stent described by Julio Palmaz in U.S. Patent 
No. 4,733,665, which consists of a tubular perforated 
metal sleeve, or self -expanding stents which radially ex- 

2S pand due to the inherent spring tension of a wire mate- 
rial, as exemplified by the GIANTURCO stent described 
by Gianturco in U.S. Patent No. 4,580,568, or Nitinol 
stents which are radially self -expanding upon applica- 
tion due to exposure to increased temperature, all of 

30 which are herein incorporated by reference as examples 
of stents useful In conjunction with the present inventkxi. 
[0007] The stent described by Palmaz In U.S. Patent 
No. 4,733,665 is used to repair an occluded bkxxJ ves- 
sel. The Palmaz stent is endovascularty introduced into 

^ a blood vessel using a baltoon angioplasty catheter, the 
stent is positioned at the occlusion within the blood ves- 
sel, and the balkx>n is expanded by introducing a fluid 
under pressure from an external source, through the 
catheter and into the balkxxi. thereby expanding the bal- 

40 loon and exerting a radially expansive pressure onto the 
luminal surface of the stent. The stent is radially expand- 
ed from an unexpanded diameter to an expanded diam- 
eter which approximates the innerdiameter of the bkxxi 
vessel in its unoccluded state. The balloon catheter is 
then deflated and removed, while the stent remains 
seated within the blood vessel due to the radial defor- 
matbn of the stent against the intimal surface of the 
blood vessel. 

[0008] The use of radially expandable stents in com- 
50 bination with a PTFE graft for abdominal aortic aneu- 
rysm exclusion is disclosed in U.S. Patent No. 
5,078,726 to Kreamer. Kreamer teaches use of radially 
balloon-expandable stents, placed within proximal and 
distal ends of a PTFE graft, to anchor the proximal and 
ss distal ends of the PTFE graft to healthy aortic tissue 
proximal and distal of the aneurysm, with the unsupport- 
ed section of the PTFE graft spanning the aneurysmal 
site. The proximal and distal stents are radially expand- 
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ed by inflating the angioplasty balloon, so that the stents 
secure the graft ends to the intimal layer of the healthy 
aortic tissue. 

[0009] The long-term efficacy of stent placement has 
been found to increase patient survival, but re-stenosis 
at the lesion site occurs in approximateiy 30% of cases. 
It has been hypothesized that the high re-stenosis rate 
may be due to turbulent blood flow resulting from fluid 
flow dynamics at the blood-stent interface or intimal hy- 
perplasia occurring through the stent structure. 
[0010] However, although stents and stent-graft com- 
binations have been used to provide endovascular pros- 
theses which are capable of maintaining their fit against 
blood vessel walls, other desirable features are lacking. 
For instance, features such as increased strength and 
durability of the prosthesis, as well as an inert, smooth, 
biocompatible blood flow surface on the luminal surface 
of the prosthesis and an inert, srTKX>th biocompatible 
surface on the abluminal surface of the prosthesis which 
facilitates healing and tissue ingrowth to aru:hor the 
prosthesis within the blood vessel, are considered to be 
advantageous characteristics for an implantable vascu- 
lar graft which have not, heretofore, been achieved. 
[001 1 ] Attempts to achieve these advantageous char- 
acteristics have been made by producing strengthened 
and reinforced prostheses composed entirely of bio- 
compatible grafts and graft layers. For example, U.S. 
Patent No. 5,048,(^5, issued to Weldon, etal. discloses 
a reinforced graft assembly comprising a biologic or bi- 
osynthetlc graft component having a porous surface and 
a biologic or biosynthetic reinforcing sleeve which is 
concentrically fitted over the graft component. The rein- 
forcing sleeve Includes an internal layer, an intermediate 
layer, and an external layer, all of which comprise bio- 
compatible fibers. The sleeve component functions to 
provide compliant reinforcement to the graft component. 
Further, U.S. Patent No. 5.163,951, issued to Pinchuk, 
et al. describes a composite vascular graft having an 
inner component, an intermediate component, and an 
outer component. The inner and outer components are 
preferably formed of expanded PTFE while the interme- 
diate component is formed of strands of biocompatible 
synthetic material having a melting point less than the 
material which comprises the inner and outer compo- 
nents. 

[0012] Another reinforced vascular prosthesis having 
enhanced compatibility and compliance is disclosed in 
U.S. Patent No. 5,354,329, issued to Whalen. The Wha- 
len patent describes a non^pyrogenlc vascular prosthe- 
sis comprising a multilaminar tubular member having an 
interior strata, a unitary medial strata, and an exterior 
strata. The medial strata forms an exclusionary bound- 
ary between the interbr and exterior strata. Also, one 
embodiment of the prosthesis is formed entirety of sili- 
cone rubber which comprises different characteristics 
for the different strata contained within the graft. 
[0013] The prior art also Includes grafts having in- 
creased strength and durability which have been rein- 



forced with stent-like members. For example, U.S. Pat- 
ent No. 4,731 .073, issued to Ftobinson discloses an ar- 
terial graft prosthesis comprising a multi-layer graft hav- 
ing a helical reinforcement embedded within the wall of 

5 the graft. U.S. Patent No, 4,969,896, issued to Shors 
describes an inner elastomeric biocompatible tube hav- 
ing a plurality of rib members spaced about the exterior 
surface of the Inner tube, and a perforate biocompatible 
wrap circumferentially disposed about, and attached to, 

10 the rib members. 

[0014] Another example of a graft having reinforcing 
stent-like members is disclosed in U.S. Patent No. 
5,123,917, issued to Lee. The Lee patent describes an 
expandable intraluminal vascular graft having an inner 

IS cylindrfcal tube, an outer cylindrical tube concentrically 
enclosing the inner tube, and a plurality of separate ring- 
like scaffold members positioned between the inner and 
outer tubes. Further, U.S. Patent No. 5,282,860, issued 
to Matsuno, et al. discloses a multi-layer stent compris- 

20 ing an outer resin tube having at least one flap to provicte 
an anchoring means, an inner fluorine-based resin tube 
and a mechanical reinforcing layer positioned between 
the inner and outer tubes. 

[0015] Another stent containing graft Is described in 
2S U.S. Patent No. 5.389,106 issued to Tower. The Tower 
patent discloses an impermeable expandable intravas- 
cular stent which includes a distensible frame and an 
impermeable deformable membrane interconnecting 
portions of the frame to form an impenneable exterior 
30 wall. The membrane comprises a synthetic non-latex, 
non-vinyl polymer while the frame Is comprised of a fine 
platinum wire. The membrane is attached to the frame 
by placing the frame on a mandrel, dipping the frame 
and the mandrel into a polymer and organic solvent so- 
3S lutlon, withdrawing the frame and nnandrel from the so- 
lution, drying the frame and mandrel, and removing the 
mandrel from the frame. 

[0016] Although the previously described reinforced 
grafts disclose structures have increased strength and 

40 durability, as well as inert, smooth inner and outer sur- 
faces to reduce thrombogenk:ity, the prior art references 
do not disck>se a device whbh exhibits increased 
strength and durability of the prosthesis, a smooth, bio- 
compatible blood flow surface on the luminal surface of 

^ the prosthesis and an inert, smooth bkx:ompatible sur- 
face on the abluminal surface of the prosthesis whk^h 
facilitates tissue Ingrowth to anchor the prosthesis within 
the blood vessel, resistance to radial constriction or col- 
lapse, and self-anchoring. Accordingly, there is a need 

50 for a radially expandable reinforced vascular graft which 
has a low profile for endoluminal delivery, is radially ex- 
pandable in vivo, is resistant to radial constriction and 
collapse after radial expansion, is biocompatible, pro- 
vides a smooth luminal bkxxJ flow surface, is substan- 

ss tially non-thrombogenic, provides a microporous ablu- 
minal surface to encourage tissue Ingrowth and endo- 
luminal anchoring of the device, is substantially non- 
thrombogenic and exhibits Increased patency. 
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Summary of the Invention 

[0017] The present Invention aims to provide a rein- 
forced endoluminal graft In the form of an endoiuminal 
stent encapsulated by tubular ePTFE grafts, an intralu- 
minal stent-graft in which no body tissue or body fluid is 
exposed to the material of the stent, and, particularly in 
endovascular applications, a stent-graft having no metal 
exposed to contact blood. 

[0018] The present invention also aims to provide an 
Intraluminal encapsulated stent-graft useful for reinforc- 
ing and maintaining luminal anatomic passageways in 
an unoccluded unconstricted, or unweakened state and 
which is useful in blood vessels for exclusion of aneu- 
rysms, vascular shunts and bypasses, and focal and dif- 
fuse vascular lesions, or in other anatomical passage- 
ways such as biliary ducts, ureters, the urethra, or sim- 
ilar luminal structures. The present invention should pro- 
vide a radially expandable ePTFE encapsulated endo- 
luminal stent which is characterised by a low profile to 
facilitate percutaneous endoluminal delivery and which 
is which Is characterized by having an inert, smooth, bio- 
compatible interior and exterior surfaces in both the un- 
expended and the expanded states of the stent-graft as- 
sembly. 

[0019] It is desirable to provide a stent-graft assembly 
having reduced thrombogenicity due to eliminating In- 
travascular metal-blood contact with an ePTFE encap- 
sulation covering the luminal and abluminal surfaces of 
the stent-graft and each opposing end of the stent graft. 
Advantageously, the present invention should provide 
an ePTFE encapsulated endoluminal stent having an 
unseamed, snrKx>th luminal surface which presents a 
substantially non-turbulent blood interface to reduce 
thrombogenicity associated with blood flow across the 
luminal surface of the ePTFE encapsulated endoluminal 
stent. The present invention should provide a rekiforced 
vascular graft in the form of an encapsulated stent that 
is radially expandable in vivo using a conventional bal- 
loon catheter and which is readily disengaged from the 
expansion balloon without radial collapse or constriction 
of the encapsulated stent, or any portion thereof. 
[0020] The present invention provides In one embod- 
iment a stent-graft assembly which comprises a tubular 
radially balloon-expandable stent circumferentrally po- 
sitioned between two extruded, expanded and unsin- 
tered tubular PTFE grafts, wherein the length of the eP- 
TFE grafts are less than, equal to, or greater than the 
length of the stent at an expanded diameter of the stent- 
graft assembly after sintering the ePTFE on the stent- 
graft assembly and radial expansion of the stent-graft 
assembly. 

[0021] In another embodiment of the present inven- 
tion provides a longitudinally flexible, radially expanda- 
ble encapsulated sent comprising at least two tubular 
radially expandable stents, serially aligned in a longitu- 
dinalty extending array having a common longitudinal 
axis, with the longitudinal aray of stents being circum- 



ferentially tnterdisposed between at least two tubular 
ePTFE grafts and positioned entirely within a longitudi- 
nal extent of the at least two tubular ePTFE grafts. 
[0022] The present invention also provides, in another 

5 embodiment, a longitudinally flexible, radially expanda- 
ble encapsulated stent having at least two tubular radi- 
ally expandable stents, serially aligned in a longitudinal- 
ly extending array sharing a common longitudinal axis, 
circumferentiaily interdisposed between at least two tu- 

10 bular ePTFE grafts, wherein the length of the PTFE 
grafts is greater than the combined length of the longi- 
tudinal array of stents, in their radially unexpandable 
condition, and at least one longitudinal region of the at 
least two tubular ePTFE grafts is radially unsupported 

IS by the stents, thereby providing articulating regions of 
the stent-graft assembly. 

[0023] The method of the present inventbn can in- 
volve concentrically interdisposing a radially expanda- 
ble stent between luminal and abluminal layers of un- 

20 sintered ePTFE and sintering the assembly to form a 
radially expandable stent-graft assembly and Is charac- 
terised by having a radially expandable stent compo- 
nent and a radially expandable graft component. 
[0024] These and other objects, features and adven- 
ts tages of the present Invention are met by providing a 
stent-graft assembly according to claim 1 which gener- 
ally comprises a radially expandable reinforced vascular 
graft which includes a first layer of biocompatible graft 
material, a second layer of biocompatible graft material, 

30 and a support structure interdisposed between the first 
and second layers of biocompatible material. The first 
and second layers of biocompatible graft materials are 
preferably comprised of PTFE extruded into tubular 
shapes by ram extruding a PTFE-lubricant mixture 

3S through a ram extruder into a tubular shaped extrudate 
and longitudinally expanding the tubular extrudate to 
yield a uniaxially oriented node>fibril microstriicture In 
which substantially all of the fibrils in the ePTFE micro- 
structure are oriented parallel to one another in the axis 

40 of longitudinal expansion. The support structure prefer- 
ably comprises a stent which is made from any of a 
number of strong non-elastic materials which are radi- 
ally self-expandable, /.a, those which radially expand 
under the influence of inherent spring tension of the ma- 

4S terial configuration or are pressure expandable under 
the influence of an externally applied pressure, such as 
a PALMAZ stent which is radially expandable using an 
angioplasty balloon. Suitable stents are made from Niti- 
nol, silver, titanium, stainless steel, gold, tantalum, or 

so alloys thereof, or any suitable plastic material capable 
of maintaining Its shape and material properties at sin- 
tering temperatures and having the necessary strength 
and elasticity to enable uniform radial expansion without 
radial constriction or collapse. Examples of suitable 

55 stents are those described in Palmaz, U.S. Patent No. 
4.733,665 or as described by Gianturco in U.S. Patent 
No, 4,580,568. 

[0025] A first preferred embodiment of the present in- 
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vention consists of a radially expandable reinforced vas- 
cular graft which comprises a tubular stent cover having 
a first biocompatible tubular graft member, a support 
member concentrically positioned about the outer sur- 
face of the first biocompatible tubular graft member, and 
a second biocompatible tubular graft member concen- 
trically positioned about and covering the outer surface 
of the support member wherein the tubular graft mem- 
bers fomrt Inseparable layers without intervening adhe- 
sives. The support member preferably comprises a plu- 
rality of openings which enlarge during radial expansion 
of the tubular shaped support member and form open 
regions which enable the first and second biocompatible 
members contact one another and bond together 
through the openings, thereby forming a nrx^nolithlc 
structure which encapsulates the tubular member and 
is incapable of complete separatbn or delamination 
from one another or from the support member under the 
conditions of intraluminal delivery and patency. 
[002G] It is also preferable, in the first embodiment of 
the present invention, that the first and second biocom- 
patible tubular graft members are selected to have a lon- 
gitudinal length which is substantially identical to that of 
the stent when the stent is in Its radially expanded di- 
ameter. It is known that radial expansion of stents and 
grafts results in an axial foreshortening of the stent and 
graft. Because, in accordance with the preferred em- 
bodiment of the invention, the encapsulated stent-graft 
assembly is radially expanded as a single unit, both the 
stent and the encapsulating graft material will axially 
foreshorten, however, not necessarily to the same ex- 
tent. The extent of axial foreshortening is dependent up- 
on several factors. Among these factors is the structural 
configuration of the stent, the material of the stent, the 
unexpanded diameter of the stent, the unexpanded di- 
ameters of the first and second graft members, the phys- 
ical characteristics of the graft members and the mate- 
rial of the graft members. Where a completely covered 
stent is desired, it has been found advantageous to bond 
the encapsulating layers of the first and second biocom- 
patible tubular graft members around the opposing ends 
of the tubular structural support member thereby encas- 
ing both the longitudinal aspect and the opposing annu- 
lar ends of the tubular shaped support member, with a 
section of the bonded first and second tubular graft 
members projecting axially from each opposing ends of 
the stent-graft assembly. The axially projecting section 
of the bonded first and second tubular graft members 
provides an additional cover area of the tubular graft 
members to accommodate a greater axial foreshorten- 
ing of the graft members relative to the stent during ra- 
dial expansion of the stent-graft assembly. 
[0027] In accordance with a second preferred embod- 
iment of the present invention, the first and second bio- 
compatible tubular members are selected to have a lon- 
gitudinal length which Is less than that of the support 
mernber in its radially expanded diameter. Where the 
first and second biocompatible tubular members have a 



longitudinal length less than that of the support member, 
the first and second biocompatible members are posi- 
tioned about an intermediate longitudinal section of the 
support member and the opposing ends of the support 

s member are uncovered by either the first or second bio- 
compatible tubular member. Upon radial expansion us- 
ing a balloon catheter, the stent-graft assembly radially 
expands and the exposed uncovered opposing ends of 
the support member flare outwardly forming outwardly 

10 tapered regions of the support member TTie outwardly 
flared opposing ends of the support member impinge 
upon and seat into intraluminal tissue, such as the ne- 
ointimal layer of a blood vessel, and serve to anchor the 
stent-graft assembly within the luminal tissue and pro- 

is vide generally funnel-shaped fluid flow entry and exit re- 
gions of the stent-graft assembly. 
[0028] According to a third preferred embodiment of 
the present invention, there is provided a longitudinally 
flexible articulating stent-graft assembly which compris- 

20 es a first biocompatible tubular graft member having a 
longitudinal dimension, a second biocompatible tubular 
graft member having a longitudinal dimension substan- 
tially equal to that of the first biocompatible tubular graft 
member, and a plurality of support members interdis- 

25 posed between the first and second biocompatible tu- 
bular graft members in an end-to-end longitudinal array 
with annular spaces between adjacent support mem- 
bers. When the plurality of support members are inter- 
disposed between the first and second biocompatible 

30 tubular graft members, an entire longitudinal extent of 
the inner surface of each of the plurality of support mem- 
bers resides adjacent to and in contact the outer surface 
of the first biocompatible tubular graft member, while at 
least substantial longitudinal extent of the outer surface 

3S of each of the plurality of support members resides ad- 
jacent to and in contact with a portion of the second bio- 
compatible tubular graft member, thereby encasing the 
stent between the first and second biocompatible tubu- 
lar graft members. In this manner, the first and second 

40 tubular graft members encapsulate each of the plurality 
of stents or supports and at least one longitudinal region 
of the first and second biocompatible tubular graft mem- 
bers is unsupported by a support member or stent. 
[0029] Other types of structu ral supports may also be 

4S encapsulated between inner and outer biocompatible 
members as described above to form varying embodi- 
ments of the reinforced vascular graft. For example, an 
expandable, an articulated reinforced vascular graft 
may be formed by forming a structural support assembly 

50 comprising multiple stent members co-axially aligned in 
a linear array with each of the multiple stent members 
being spaced apart from one another and covering the 
structural support assembly by interdisposing the struc- 
tural support assembly between at least two biocompat- 

55 ibie tubular graft members. The resulting structure is an 
expandable, articulated reinforced vascular stent-graft 
having a nK)noIithic encapsulation surrounding the 
structural support assembly which is incapable of sep- 
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aration from the structural support assembly or delami- 
nation. 

[0030] The first and second biocompatible tubular 
members preferably comprise unsintered ePTFE tubu- 
lar extrudates. The first biocompatible tubular member 
is preferably selected as the luminal tubular member, is 
extruded as a tube having an outer diameter less than 
the inner diameter of the unexpanded support member, 
or stent, such that the unexpanded stent may be con- 
centrically placed over and circumferentlally surround 
the first biocompatible tubular member with a close tol- 
erance fit. The second biocompatible tubular member is 
preferably selected as the abluminal tubular member, 
and is extruded as a tube having an inner diameter 
greater than the outer diameter of the unexpanded tu- 
bular support member, or stent, such that the second 
biocompatible member may be concentrically placed 
over and circumferentlally surround the unexpanded 
support member, or stent, with a cbse tolerance fit It 
will be understood by those skilled In the art that unsin- 
tered, longrtudinally expanded ePTFE tubular extru- 
dates have bw radial strength and are prone to fractur- 
ing. Dimensional control during the PTFE extrusion 
process and longitudinal expansion is especially impor- 
tant to ensure that tubular diameters of the first and sec- 
ond biocompatible tubular graft members are main- 
tained within the predetermined desired tolerances rel- 
ative to the unexpanded inner and outer diameters of 
the selected stent. 

[0031] While specific reference Is made to using eP- 
TFE as the biocompatible material, alternative materials 
may be used, including polyamides, polyimides, sili- 
cones, fluoroethylpolypropylene (FEP). polypropylfluor- 
inated amines (PFA), or other ftuorinated polymers. 
[0032] The present Invention is also directed to a 
process for maldng a radially expandable reinforced 
vascular graft which includes the steps of 

a) positioning a tubular radially pressure-expanda- 
ble staictural support member, having a plurality of 
wall openings, over a first biocompatible tubular 
graft material, the tubular graft material having a lu- 
minal and abluminal surface; 

b) positioning a second layer of biocompatible tu- 
bular graft material having a inner and outer surface 
over the structural support member such that the 
structural support member is interdisposed be- 
tween and at least substantially covered by the first 
and second biocompatible tubular graft materials; 
and 

c) affixing the tubular structural support member be- 
tween the first and second biocompatible tubular 
graft material such that the first and second biocom- 
patible tubular graft materials contact one another 
through the plurality of openings in the tubular sup- 
port material and form a substantially nrK>noltthic en- 
capsulation circumferentlally surrounding at least a 
substantial longitudinal aspect of the tubular sup- 



port material with all of the layers being substantially 
inseparable from one another under conditions of 
endovascular delivery, endovascular placement, 
radial expansion and under in w'no conditions. 

5 

[0033] The step of affixing the structural support 
member to the first and second biocompatible graft ma- 
terials preferably comprises applying a circumferential 
or radial pressure to the first and second biocompatible 
^0 graft materials after they are loaded onto a mandrel and 
heating the resulting assembly to form a mechanical 
bond between the first and second biocompatible graft 
materials. Alternatively, the step of affixing the tubular 
structural support member to the first and second bio- 
'5 compatible graft materials may include the step of ap- 
plying at least one of an biocompatible adhesive, an 
aqueous dispersion of polytetrafluoroethylene, poly- 
tetrafluoroethylene, fluoroethylpolypropylene (FEP), 
polyurethane, polyamide, polyimide or silicone between 
the biocompatible graft layers and the structural support 
member and, where a biocompatible adhesive or melt 
thermoplastic is used, heating the resulting assembly at 
a melt temperature of the adhesive or melt thermoplastic 
and below the sintering temperature of the biocompati- 
ble graft materials, or in the case of a PTFE interlayer, 
heating the resulting assembly above the sintering tem- 
perature of PTFE. It will be understood that the biocom- 
patible adhesive may be applied as an interlayer or di- 
rectly to either of the first or second biocompatible graft 
materials or to the structural support member. Still fur- 
ther, the structural support member may be made with 
an adhesive integral with the material of the stmctural 
support, such as an adhesive bonded to the structural 
support material, or adhesive microspheres dispersion 
coated onto or bonded to the structural support member 
and activated by pressure or elevated temperature. 
[0034] Further, the process for making a preferred 
embodiment of the radially expandable reinforced vas- 
cular graft of the present invention includes the steps of: 

a) selecting • a diametrically balloon-expandable 
stent member having unexpanded and expanded 
inner and outer diameters and openings in the walls 
of the stent member which pemnit radial expansbn; 

b) concentrically mounting onto a mandrel a first 
bngltudinally expanded, unsintered tubular extru- 
date of polytetrafluoroethylene having an outer di- 
ameter less than that of the unexpanded inner di- 
ameter of the selected diametrkially expandable tu- 
bular support structure, such that the ePTFE tubular 
extrudate does not substantially radially expand up- 
on mounting onto the mandrel; 

c) concentrically engaging the selected stent mem- 
ber. In its unexpanded or substantially unexpanded 
state, over the first unsintered ePTFE tubular extm- 
date, 

d) concentrically mountrig over the stent member, 
a second expanded, unsintered tubular extnidate 
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of polytetrafluoroethylene having a inner diameter 
greater than the outer diameter of the stent mem- 
ber, such that the second ePTFE tubular extrudate 
is not substantially radially expanded during en- 
gagement over the tubular support structure and 
the stent member is circumferentially covered by 
both of the first and second ePTFE tubuiar extru- 
dates over at least a substantial longitudinal extent 
of the inner and outer surfaces of the stent member; 
and 

e) affixing the first and second tubular ePTFE ex* 
trudates to the stent member, to cause the first and 
second tubular ePTFE extrudates to contact and 
bond to one another through the wall openings of 
the stent member, thereby forming an integral mon- 
olithic encapsulation which circumferentially en- 
closes at least a substantial longitudinal aspect of 
the tubular support structure and are substantially 
inseparable from the tubular support structure and 
from one another under conditions of mounting onto 
a balloon catheter, endoluminal deliveiy, radial ex- 
pansion and residence within a body. 

[0035] As in the general process for making an ex- 
pandable reinforced vascular graft, the step of affixing 
the first and second tubular graft members to the stent 
preferably comprises applying a circumferential or radial 
pressure to the first and second tubular graft members 
and the stent member while the stent-graft assembly is 
mounted on a mandrel. While still under the influence of 
the applied circumferential or radial pressure, the stent- 
graft assembly is heated to the crystalline melt point of 
ePTFE to sinter the ePTFE tubular members and bond 
the ePTFE tubular members to one another through the 
wall openings in stent. Alternatively, the step df fixing 
the stent to the first and second biocompatible graft ma- 
terials may Include the step of applying at least one of 
an biocompatible adhesive, an aqueous dispersion of 
polytetrafluoroethylene, an ePTFE interlayer, fluor- 
oethylpolypropylene (FEP), polyamide, polyimide, poly- 
urethane or silicone as an adhesive layer between the 
biocompatible graft layers and the stent Where a bio- 
compatible adhesive or melt thermoplastic Is used, 
heating the resulting assembly at a melt temperature of 
the adhesive or melt thermoplastic, but bebw the sln> 
tering temperature of the biocompatible graft materials. 
In the case of an ePTFE interlayer the entire assembly 
is heated at a temperature above the crystalline melt 
point of PTFE. 

[0036] These and other objects, features and advan- 
tages of the present invention will become more appar- 
ent to those skilled in the art when taken with reference 
to the following more detailed description of the pre- 
ferred embodiments of the inventk>n in conjunction with 
the accompanying drawings. 
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Brief Description of the Drawings 

[0037] Figure 1 Is a perspective view of a first pre- 
ferred embodiment of the encapsulated stent of the 

s present invention comprising a tubular shaped stent 
cover configuration in an unexpanded condition. 
[0038] Figure 1 A is a cross-sectional view of the tu- 
bular shaped stent cover shown in Figure 1 taken ak)ng 
line 1A-1Aof Figure 1. 

10 [0039] Figure 2 is a partially exploded view of the first 
preferred embodiment of the encapsulated stent of the 
present invention shown In Figure 1 . 
[0040] Figure 3 is a perspective view of a second pre- 
ferred embodiment of the tubular shaped stent cover 

IS configuration of the present invention wherein the 
lengths of the grafts are less than the length of the stent 
with parts shown cut away to expose the underlying lay- 
ers. 

[0041] Figure 3A Is a cross-sectional view of the tu- 
^ bular shaped stent cover shown in Figure 3 taken along 
line 3A-3A of Figure 3. 

[0042] Figure 3B Is a cross-sectional view of the tu- 
bular shaped stent cover shown in Figure 3 taken along 
line 3B-3B of Figure 3. 

25 [0043] Figure 4 is a perspective view of a third pre- 
ferred embodiment of the encapsulated stent of the 
present invention comprising a tubular shaped stented 
graft having two stents, shown In phantom, sandwiched 
between two grafts wherein a region of the overlapping 

30 grafts are unsupported by the stents. 

[0044] Figure 4A is a cross-sectk)nal view of the tu- 
bular shaped stented graft shown In Figure 4 taken 
atong line 4A-4A of Figure 4. 
[0045] Figure 4B is a cross-sectional view of the tu- 

35 bular shaped stented graft shown in Figure 4 taken 
along line 4B-4B of Figure 4. 

[0046] Figure 4C is a cross-sectional view of the tu- 
bular shaped stented graft shown in Figure 4 taken 
along line 4C-4C of Figure 4. 
40 [0047] Figure 4D is a longitudinal cross-section of the 
tubular shaped stented graft shown in Figure 4 taken 
along line 4D-4D of Figure 4. 

[0048] Figure 5 is a partial longitudinal cross-sect 'ton- 
al view of the tubular shaped stent cover shown in Figure 

^ 1 after fusing the tubular graft members together 
through the struts of the stent. 
[0049] Figure 6 is a vertical cross-sectional view of the 
tubular shaped stent cover shown in Figure 1 after fus- 
ing the tubular graft members together through the 

so struts of the stent. 

[0050] Figure 7 Is a perspective view of a fourth pre- 
ferred embodiment of the encapsulated stent of the 
present invention comprising an articulated stented 
graft having a plurality of stents, shown In phantom, 

ss sandwiched between two tubular shaped grafts. 

[0051] Figure 7A is the support structure contained 
within the graft shown in Figure 7 comprising a plurality 
of stents. 
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[0052] Figure 7B is a cross-sectional view of the ar- 
ticuiated stented graft shown in Figure 7 taken along tine 
7B-7B of Figure 7. 

[0053] Figure 7C is a cross-sectional view of the ar- 
ticulated stented graft shown in Figure 7 taken along line 
7C-7C of Figure 7. 

[0054] Figure 8 is a flowchart of the process for mak- 
ing the first preferred embodiment of the encapsulated 
stent of the present invention. 
[0055] Figure 9 is a photomicrograph taken under a 
light microscope at 12X magnification of a transverse 
cross-sectional view of the inventive stent-graft assem- 
bly in its radially unexpanded condition. 
[0056] Figure 1 0 is a photomicrograph taken by scan- 
ning electron microscopy of a partial transverse cross- 
sectional view of a radially unexpanded encapsulated 
stent-graft assembly in accordance with the present In- 
vention.. 

[0057] Figure 11 is a scanning electron micrograph of 
a partial transverse cross-sectional view illustrating a 
section of a radially unexpanded encapsulated stent- 
graft assembly taken at 100X magnification. 
[0058] Figure 1 2 is a scanning electron micrograph of 
a partial transverse cross-sectional view taken at 500X 
magnrftcationof asectbnof the radially unexpanded en- 
capsulated stent-graft assembly of Figure 11. 
[0059] Figure 13 Is a photomicrograph taken by light 
microscopy taken at 5.5X magnification of a transverse 
cross-section of a radially expanded stent-graft assem- 
bly in accordance with the present invention. 
[0060] Figure 14 is a photomicrograph taken by light 
microscopy at 37.5X magnification showing a partial 
transverse cross-sectional view of a radially expanded 
encapsulated stent-graft in accordance with the present 
inventk>n. 

[0061] Figure 1 5 is a scanning electron micrograph at 
1 0OX magnification of a transverse cross-sectional por- 
tion of a radially expanded encapsulated stent-graft in 
accordance with the present Invention. 
[0062] Figure 16 is a scanning electron micrograph 
taken at 500X magnification of a section of the radially 
expanded encapsulated stent-graft in Figure 15. 
[0063] Figure 1 7 is a scanning electron micrograph of 
a transverse cross-sectional view of a stent strut and 
encapsulating first and second ePTFE layers of a 
freeze-fractured radially expanded encapsulated stent 
graft. 

[0064] Figure ISA is a scanning electron micrograph 
taken at 200X magnification of an abluminal wall surface 
of the inventive stent-graft in its radially unexpanded di- 
ameter. 

[0065] Figure 188 is a scanning electron micrograph 
taken at 200X magnification of an abluminal wall surface 
of the inventive stent-graft in its radially expanded diam- 
eter. 

[0066] Figure 19A is a scanning electron micrograph 
taken at 200X nnagniflcation of a luminal wall surface of 
the inventive stent-graft in its radially unexpanded diam- 
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eter and showing a stent strut underlying the ePTFE 
covering. 

[0067] Figure 1 9B is a scanning electron micrograph 
taken at 200X magnification of a luminal wall surface of 
5 the Inventive stent-graft in its radially expanded diame- 
ter and showing a stent strut underlying the ePTFE cov- 
ering. 

[0068] Figure 20A is a scanning electron mk^rograph 
taken at 350X magnification of a partial transverse 
10 cross-sectbnal view of freeze fractured radially unex- 
panded bonded luminal and abluminal ePTFE grafts. 
[0069] Figure 20B is a scanning electron mbrograph 
taken at 350X magnification of a partial transverse 
cross-sectbnal view of freeze fractured radially expand- 
'5 ed bonded luminal and abluminal ePTFE grafts. 

[0070] Figure 21 is a side elevational view of the in- 
ventive stent-graft mounted onto a sheath-less batkxMi 
catheter for intraluminal delivery. 

^0 Detailed Description of the Preferred Embodlnfients 

[0071] Referring now to the accompanying drawing, 
In which reference numerals represent varbus ele- 
ments of the present invention, a first preferred embod- 

25 iment of the inventive encapsulated stent 10 is illustrat- 
ed in Figure 1. The encapsulated stent-graft 10 gener- 
ally consists of a tubular member 1 2 having an interior 
surface 14 and an exterior surface 16 which are con- 
tained between first and second ends 18, 20. 

00 [0072] As illustrated in Figures 1 -2, the tubular mem- 
ber 1 2 comprises a balkx>n or pressure-expandable tu- 
bular support member 22 which is co-axialty engaged 
over a first biocompatible tubular graft member 24 held 
on a mandrel (not shown) A second biocompatible tu- 

3S bular graft member 26 is then baded over the first bk>- 
compatible tubular graft member/support member com- 
bination. The tubular support member 22 preferably 
comprises a stent like that described in U.S. Patent No. 
4,733,665, issued to Palmaz, and which is herein incor- 

40 porated by reference, and the first and second biocom- 
patible tubular graft members 24,26 are preferably com- 
prised of expanded polytetrafluoroethylene (ePTFE). 
The ePTFE first and second biocompatible tubular graft 
members 24, 26 are made by extruding a PTFE-lubri- 

^ cant mixture through a ram extruder into a tubular 
shaped extrudate and bngitudinally expanding the tu- 
bular extrudate to yield a uniaxialty oriented fibril micro- 
structure in whbh substantially all of the fibrils in the eP- 
TFE microstructure are oriented parallel to one another 

50 in the axis of longitudinal expansion, as is known in the 
art and described in U.S. Patent Nos. 3,953,566. 
4,187,390 and 4,482,516 teaching method of making 
longitudinally expanded PTFE extrudates. 
[0073] The first and second biocompatible tubular 

55 members 24,26 may, alternatively, be made of unex- 
panded polytetrafluoroethylene (PTFE), whbh will be 
understood by those skilled In the art, to lack the char- 
acteristic node-fibril porous mbrostructure of ePTFE. 
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[0074] The pressure expandable tubular support 
member 22 is preferably a balloon-expandable PAL- 
MAZ-type stent as described more fully in U.S. Patent 
Nos. 4,739,726, 4,776,337 and 5, 1 02,41 7. teaching the 
type of stent useful with the present invention. Other 
types of balloon expandable stents useful in the present 
invention include WITKOR stents described in U.S. Pat- 
ent No. 4.969.458. STRECKER stents described In U. 
S. Patent No. 5.405,378. or PALMAZ-SCHATZ stents 
described In U.S. Patent No. 5.195,984, all of which are 
also expressly Incorporated by reference as teaching 
other types of stents useful in the present invention. Al- 
ternatively, self expanding stents, such as Nitinot stents 
or GIANTURCO stents described in U.S. Patent No. 
4,580,568, or WALSTENTs described in U.S. Patent No. 
4,544,771 , all incorporated by reference as exemplify- 
ing self expanding stents. Where a self -expanding stent 
Is used, however, the inherent spring tension of the stent 
must exert sufficient radial pressure to radially expand 
the sintered first and second tubular graft members en- 
capsulating the stent. Regardless of whether a balloon- 
expandable stent or a self-expandable stent is used, the 
stent should be made of a material having sufficient 
strength and deformability to permit radial expansion 
and resist radial collapse when in the diametrically ex- 
panded condition. Examples of materials known in the 
art are silver, titanium, stainless steel, gold alloys, and 
any suitable plastic material capable of maintaining its 
shape and material and mechanical properties at the 
sintering temperature of PTFE. 
[0075] A cross sectional view of the tubular stent-graft 
10 In its diametrically unexpanded state and prior to fus- 
ing the first and second biocompatible members 24. 26. 
The first biocompatible tubular graft member 24. prefer- 
ably comprised of unsintered ePTFE. forms the inner- 
most or luminal surface of the tubular stent-graft 1 0. First 
biocompatible tubular graft member 24 circumf erentlally 
covers at least a substantial longitudinal aspect of the 
lumen 28 of the tubular support member 22 and forms 
an inert, smooth fluid flow surface to facilitate non-tur- 
bulent fluid flow through the lumen 28. Non-turt)ulent flu- 
id flow is particular important where the fluid is blood. It 
will be understood by those in the art that blood flow 
surfaces which increase flow turbulence have associat- 
ed Increased incidence of thrombus formation. 
[0076] The tubular support member 22 is preferably 
a balloon expandable PALMAZ-type stent as more fully 
disclosed and described in U.S. Patent No. 4,733,665. 
which is incorporated by reference as describing a type 
of radially expandable intravascular stent having a plu- 
rality of struts and openings defining the tubular walls of 
the stent. The tubular support member 22 forms an in- 
termediate layer of the inventive encapsulated stent- 
graft 10 and circumf erentlally surrounds an entire longi- 
tudinal section of the first biocompatible tubular graft 
member 24. 

[0077] The second biocompatible tubular graft mem- 
ber 26, which is also preferably comprised of unsintered 
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ePTFE, constitutes an outemnost or abluminai layer of 
the tubular stent-graft 10. 

[0078] The use of unsintered of partially sintered eP- 
TFE tubular extrudates as the first and second biocom- 

s patible tubular graft members 24, 26 is preferred over 
fully sintered ePTFE materials, whether in tubular form 
or in sheet form. While use of fully sintered ePTFE sheet 
or tube materials increase ease of manufacture, these 
materials do not fully bond to one another during sub- 

10 sequent sintering, are Incapable of forming a substan- 
tially monolithic structure from two separate and dis- 
crete ePTFE pieces, have material properties which are 
adversely affected by additional sintering which is char- 
acterized by a corrupted node and fibril microstructure 

IS In the ePTFE and the resulting material has compro- 
mised expandability. Because it is advantageous, in ac- 
cordance with the present Invention, to provide a stent 
covering which radially expands concomitantly with the 
stent, the ePTFE material used to cover the stent has a 

20 microstructure which is substantially undisturbed during 
processing and assembly of the stent graft 10 until the 
final step of fully sintering the ePTFE to encapsulate the 
stent. 

[0079] After loading the first and second tubular graft 

2S members 24, 26 onto the tubular support member 22, 
circumferential or radial pressure is applied to the stent 
graft assembly 1 0, either by wrapping the assembly with 
a helical wrap of an ePTFE or TEFLON tape, or placing 
the stent-graft assembly in a cylindrical press and ex- 

30 erting a radial pressure to the luminal surtace or a cir- 
cumferential pressure to the abluminai surface of the 
stent-graft assembly 10. The applied pressure causes 
the first and second biocompatible tubular graft mem- 
bers 24,26 to contact and mechanically bond to one an- 

^ other through the plurality of openings 30 in the support 
member 22. Where the support member 22 comprises 
a PALMAZ-type balloon expandable stent, the first and 
second ePTFE tubular graft members 24, 26 are bond 
to one another through the openings between adjacent 

40 struts, without the need for intervening adhesives, by 
mechanical interaction between the node-fibril micro- 
structures of the first and second ePTFE tubular graft 
members 24 and 26. The stent-graft assembly 10. is 
then heated to the sintering temperature of PTFE to sin- 

^ ter the first and second ePTFE tubular graft members 
24, 26 Into a substantially monolithic covering which en- 
capsulates the tubular walls of the Inteivening stent 22. 
The resulting stent-graft 10 is a substantially non-radi- 
ally expanded stent 22 encapsulated within luminal and 

50 abluminai ePTFE coverings. Because the luminal and 
abluminai ePTFE coverings form a substantially mono- 
lithic covering through the plurality of the openings 30 
in the tubular walls of the stent 22, they are inseparable 
from one another and from the intervening stent 22. Ad- 

55 ditlonally, the first and second ePTFE graft members 24, 
26 are preferably of a sufficient longitudinal length to ex- 
tend beyond the opposing ends of the tubular stent 22, 
so that the sections projecting past the opposing ends 



EP 0 814 729 B1 



9 



EP 0 814 729 B1 



18 



17 

of the tubular stent 22 may also be sintered together 
forming a substantially monolithic material which encap- 
sulates the annular opposing ends of the stent 22, there- 
by encapsulating both the tubular walls of the tubular 
stent 22 and the wall thicknesses of the tubular stent 22 ^ 
at opposing ends thereof. 

[0080] Figure 5 depicts a partial longitudinal cross- 
sectional view of the tubular stent graft 1 0 shown in Fig- 
ure 1 , but after mechanical bonding and sintering of the 
first and second ePTFE graft members 24, 26 together 
through the plurality of openings 30 between adjacent 
struts of the stent 22. The first and second biocompatible 
tubular graft members 24, 26 are bonded together 
through the plurality of openings 30 and form sealed ar- 
eas 34 between adjacent struts 32 of the support mem- 
ber 22. Figure 6 depicts a transverse cross-sectional 
view of the tubular stent graft 10 shown in Figure 1 , but 
after mechanical bonding of the first and second tubular 
graft members 24, 26 through the plurality of openings 
30 between adjacent struts 32 of the stent 22. As seen 
In Figure 6, the first biocompatible tubular graft member 
24 fomDS the inner or luminal layer circumf erentially cov- 
ers the stent lumen 28, thereby forming the luminal fluid 
flow surface of the tubular stent graft 10. The second 
biocompatible tubular graft member 26 defines an out- 
ermost or ablumlnal surface of the tubular stent graft 10 
and, when endoluminally implanted, resides adjacent 
and contacts the endoluminal tissue, such as the ne- 
olntima. The tubular support structure 22, or stent, then 
forms the intermediate layer of the stent 22 and is clr- 
cumferentially covered along at least a substantial lon- 
gitudinal aspect of the stent 22 by the luminal and ablu- 
mlnal tubular graft member coverings 24, 26. It will be 
understood by those skilled In the art that Figures 5 and 
6 are exaggerated views of the open areas between the 
struts ^ of the stent 22. Upon radial expansion of the 
tubular stent graft 10, the plurality of openings 30 be- 
tween adjacent struts 32 enlarge in area due to radial 
deformation of the stent material. However, because the 
bonded ePTFE material of the first and second biocom- 
patible tubular graft members 24, 26 is also radially ex- 
panded, a substantial area of the graft members 24, 26 
bonded through the plurality of openings remains bond- 
ed after radial expansion of the stent-graft 10. 
[0081] Those skilled in the art will further understand 
that the position of the first and second tubular graft 
members relative to the stent member is riterchangea- 
ble. That is. the first tubular graft member may be posi- 
tioned as either a luminal or abluminal position relative 
to the body passageway or the stent member. Similarly, 
the second tubular graft member may be positioned as 
either a luminal or abluminal position relative to the txxJy 
passageway or the stent member 
[00^] Subsequent to applying an external circumfer- 
ential pressure to the stent graft assembly 10, and fully 
sintering the stent graft assembly 1 0 mechanbally bond 
the ePTFE through the pluralist of openings 30 between 
adjacent struts 32 of the stent 22, the assembly Is al- 



lowed to cool, removed from the mandrel, trimmed, ster- 
ilized and is then ready for endoluminal delivery using 
a balloon angioplasty catheter 
[0083] Turning now back to Figure 3, a second em- 
bodiment of the present invention is illustrated. Accord- 
ing to his second preferred embodiment of the Invention, 
there a self anchoring stent-graft 40 is provided. The self 
anchoring stent-graft 40 employs a covering having a 
longitudinal length less than that of the stent encapsu- 
lated by the covering. In Figure 3 the self anchoring 
stent-graft 40 is Illustrated In partial cut away to Illustrate 
the underlying elements of the self anchoring stent-graft 
40. The self anchoring stent-graft 40 has a luminal sur- 
face 44, an abluminal surface 46, and first and second 
ends 48, 50. The stent-graft 40 includes a pressure ex- 
pandable stent member 52, preferably of a balloon ex- 
pandable PALMAZ-type stent as previously described, 
interdisposed between first and second biocompatible 
tubular graft members 54, 56, which are preferably com- 
prised of ePTFE. In accordance with this self anchoring 
stent-graft 40, the stent member 52 is greater In length 
than each of the first and second biocompatible tubular 
graft members 54, 56, is uncovered and projects out- 
wardly along the bngitudlnal axis of the stent-graft 40. 
The self-anchoring stent-graft 40 is processed as de- 
scribed above in connection with the first preferred em- 
bodiment of the stent-graft 10. That is, a circumferential 
pressure is applied to the stent-graft assembly 40 and 
the entire assembly 40 is heated to the sintering tem- 
perature of ePTFE to fully sinter the first and second 
biocompatible tubular graft members 54, 56 to one an- 
otherthrough the plurality of openings in the stent mem- 
ber 52, thereby forming a monolithic covering on the lu- 
minal and abluminal surfaces of the stent-graft assem- 
bly 40. The entire stent-graft assembly 40 is then radially 
expandable from its first unexpanded diameter to a sec- 
ond radially expanded diameter. Upon radial expansion, 
both the stent member 52 and the monolithic covering 
nriade from the first and second biocompatible tubular 
members 54, 56 radially expand, with the node-fibril 
microstructure of the ePTFE covering defonning during 
radial expansion of the ePTFE. The uncovered oppos- 
ing bng'itudinal ends 58, 60 of the stent member 52, 
form radially projecting bari^s upcm t)alloon expansk>n 
of the tubular stent-graft 40. The radially projecting 
barbs extend outwardly from the longitudinal axis of the 
stent-graft and aid in anchoring the stent-graft 40 to the 
to the targeted blood vessel wall. 
[0084] It has been found that when using conventional 
angioplasty balloons to radially expand the stent-graft 
40, the stent-graft 40 covers only a portion of the longi- 
tudinal aspect of the angioplasty balloon. The proximal 
and distal ends of the angioplasty balloon are typically 
not covered by the stent-graft 40. These uncovered sec- 
tions of the angioplasty baltoon, having little resistance 
to radial inflatk>n, radially inflate before the mediaJ stent- 
graft covered section of the angk>plasty balloon. The re- 
sulting torroidal or "dog-bone' shape of the inflated an- 
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gioplasty balloon radially expands the proximal and dis- 
tal uncovered ends 58, 60 of the tubular stent-graft 40 
to a greater extend than the medial stent-graft covered 
section of the stent-graft 40. As a result of this torroidal 
balloon Inflation, the ends of the tubular stent-graft 40 
form funnel-shaped ends having larger diameters in the 
proxinnal and distal aspects of the stent-graft 40 than in 
the more medial regions of the stent-graft 40. These fun- 
nel-shaped ends function to channel the blood flow Into 
and through the stent and act as an Internal guide to 
facilitate subsequent catheterization of the stented ves- 
sel, minimize thrombus formation, and facilitate self-an- 
choring of the stent-graft within the anatomic passage- 
way or blood vessel 

[0085] A cross-sectional view taken along line 3A-3A 
near the center of the alternative tubular stent cover 40 
of the present invention illustrated in Figure 3 is shown 
in Figure 3A. The first biocompatible tubular graft mem- 
ber 54 is preferably made of unstntered or partially sin- 
tered ePTFE. First biocompatible tubular graft member 
54 is positioned on as the innermost luminal layer of the 
stent-graft 40. The support member or stent 52, prefer- 
ably comprising a pressure expandable PALMAZ-type, 
as previously described, circumf erentially sun^ounds the 
first biocompatible tubular graft member 54 and has a 
longitudinal length greater than that of the first biocom- 
patible tubular graft member 54. The second biocom- 
patible tubular graft member 56, which also preferably 
comprises unsintered or partially sintered ePTFE, forms 
the outermost layer and abiuminal surface of the tubular 
stent-graft 40 an6 circumferentially covers the stent 52 
and has a longitudinal length less than that of the stent 
52. but may be greater than, equal to or less than the 
length of the first biocompatible tubular graft member 
54. 

[008S] Figure 3B Illustrates a cross-sectional view of 
the tubular stent-graft 40 taken along line 3B-3B of Fig- 
ure 3. It will be seen that the abiuminal graft member 54 
has a longitudinal length greather than that of the lumi- 
nal graft member 56. This configuration permits an over- 
hang of the abiuminal graft member 54 which facilitates 
endoluminal placement of a second stent-graft in series 
with a first stem-graft. After endoluminal delivery and ra- 
dial expansion of a first stent-graft, a second stent-graft 
is delivered and positk)ned in series adjacent the first 
stent graft. The second stent-graft is concentrically in It 
unexpanded state concentrically within the overiiang re- 
gion of the abiuminal graft member 56 and radially ex- 
panded. Upon radial expansion, the overhang region of 
the abiuminal graft member 54, is engaged by one end 
of the second stent-graft and forms an abiuminal cover- 
ing joining the first and second stent-grafts in series. 
[0087] Those skilled in the art will further understand 
that the position of the first and second tubular graft 
members relative to the stent member is interchangea- 
ble. That Is, the first tubular graft member nnay be posi- 
tioned as either a luminal or abiuminal position relative 
to the body passageway or the stent member. Similarly, 



the second tubular graft member may be positioned as 
either a luminal or abiuminal position relative to the body 
passageway or the stent member. 
[0088] A third preferred embodiment of the encapsu- 
5 lated stent of the present invention is illustrated in Figure 
4 and Figures 4A-4D. As shown in Figure 4, the third 
preferred embodiment comprises a tubular stent-graft 
70 having at least one stent member 82, 84 posltbned 
at each opposing end 74, 76 of the stent-graft 70 and 
an intermediate longitudinal region of the stent-graft 70 
being unsupported by any stent members. The stent- 
graft 70 has a first end 74, a second end 76, an interior 
surface 78, and an exterfor surface 80. The stent-graft 
72 includes first and second radially pressure expand- 
able support members or stents 82, 84, preferably com- 
prising balkxxi expandable PALMAZ-type stents, as 
prevbusly described above, shown in phantom. The 
stent member 82, 84 are concentrically disposed be- 
tween first and second bkxx^mpatlble tubular graft menv 
bers 86, 88, and positioned at opposing ends 74, 76 of 
the first and second bkxxsmpatlble tubular graft mem- 
bers 86. 88. An intermediate longitudinal region 79 of 
the first and second bkx)ompatible tubular graft mem- 
bers 86, 88 is unsupported by the stent members 82, 
84. The first and second support or members 82, 84 
may, altematively, comprise structural configurations 
similar in function to stents, but having different struc- 
tural configurations which permit radial expansion, re- 
sist radial recoil, constriction or collapse, and are made 
of biocompatible materials. As with the first prefen^ed 
embodiment of the stent-graft 10, the first and second 
biocompatible tubular graft members 86,88 are prefer- 
ably comprised of unsintered or partially sintered ePTFE 
tubular extmdates. Those skilled in the art will further 
understand that the position of the first and second tu- 
bular graft members 86, 88 relative to the stent member 
or members 82, 86 is interchangeable. That is, the first 
tubular graft member 86 may be positioned as either a 
luminal* or abiuminal position relative to the body pas- 
sageway or the stent member. Similarly, the second tu- 
bular graft member 88 may be positioned as either a 
luminal or abiuminal position relative to the txxJy pas- 
sageway or the stent member. 
[0089] Figures 4A and AC are transverse cross-sec- 
tional views are taken along line 4A-4A and line 4C-4C 
of Figure 4. respectively, and illustrate end portions of 
the tubular stent-graft 70. At each of the end portk)ns of 
the tubular stent-graft 70, a luminal covering is provided 
by the first biocompatible tubular graft member 86 which 
forms a luminal fluid flow surface 90 of the stent-graft 
70 An abiuminal covering is provided by the second bio- 
compatible tubular graft member 88, which provides a 
tissue contact and Ingrowth surface 80 of the stent-graft 
70 Figures 4A-4D represent the stent-graft 70 prior to 
bonding and sintering the first and second graft mem- 
bers 86, 88. The first and second tubular support mem> 
bers or stents 82. 84 are concentrically positkxied be- 
tween the first and second tubular graft members 86. 88 
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and are longitudinally positioned at the first and second 
ends 76, 78 of the stent-graft 70. 
[0090] Figure 4B is a transverse cross-sectional view 
taken medial the longitudinal length of the stent graft 70 
along line 4B-4B of Figure 4. The unsupported interme- 
diate longitudinal section 79 of the stent-graft 70 con- 
sists only of the bonded and sintered first and second 
biocompatible tubular graft members 86. 88 and is un- 
supported by any stent member or stent-like structure, 
but provides an open lumen 90 communicating between 
the first and second ends 76, 78 of the stent-graft 70. 
[0091] As with the other embodiments of the present 
invention described above, the stent-graft assembly 70 
is assembled using a madrel to mount the first graft 
member 86, concentrically mount the first and second 
stent members 82 and 84 circumferentially around the 
first graft member 86 and at first and second ends 76, 
78, thereof, and circumferentially cover both stent mem- 
bers 82, 84 and the first graft member 88 Both the first 
and second biocompatible tubular graft members 86, 88 
are preferably made of unsintered or partially sintered 
ePTFE tubular extrudates, are mechanically bonded to 
one another circumferentially about and longitudinally 
along the entire stent-graft 70 and through a plurality of 
openings in each of the stent members 82, 84, and the 
entire assembly is heated to the sintering temperature 
of ePTFE to sinter the first and second biocompatible 
tubular graft members 86, 88 into a substantially mon- 
olithic covering encapsulating both stent members 62, 
84. 

[0092] Figure 4D is a fragmentaiy longitudinal cross- 
sectional view taken along line 4D-4D of Figure 4. Like 
Figures 4A-4C, Figure 4D represents the stent-graft as- 
sembly 70 before mechanical bonding and sintering of 
the first and second biocompatible tubular graft mem- 
bers 86,88 together through the openings 92 between 
struts 94 of the first and second support members 82. 
84. 

[0093] The third prefened embodiment of the stent- 
graft 70 is particularly useful in abdominal aortic aneu- 
rysm exclusk)n procedures where the first and second 
stent members 82 and 84 are placed proximal and distal 
the aneurysm, and the intermediate unsupported region 
79 the stent graft 70 excludes the aneurysmal site. 
[0094] A fourth embodiment of the inventive encap- 
sulated stent-graft 100 is illustrated in Figures 7 and 7A- 
78. This fourth embodiment of the encapsulated stent- 
graft 100 is an articulating encapsulated stent-graft in 
which a plurality of support or stent members 116, co- 
axialiy aligned in a bngitudinal array in which each of 
the plurality of stent members 1 1 6 are positioned in end- 
to-end fashion with a small annular space between ad- 
jacent ends, are all encapsulated between at least two 
tubular graft members 112, 114. Articulating stent-graft 
100 generally has a first end 104, a second end (not 
shown), an interbr surface 106, and an exterior surface 
1 08. The articulating stent-graft 1 00 encapsulates a plu- 
rality of stent members 116 between first and second 



tubular biocompatible ePTFE grafts 112, 114. A per- 
spective view of the plurality of stent members Is shown 
in Figure 7A. The plurality of stent members 116 are 
spaced apart from one another at a predetemnined dis- 

s tance. The spaced apart stent members 116 allow the 
encapsulated stent 100 to articulate between stent 
members 116 using the inherent flexibility of an unsup- 
ported inten/ening region 102 of the first and second 
graft members 112, 114, resident between adjacent 

10 stent members 1 1 6, as the flexbn point. In accordance 
with an alternate of the articulated encapsulated stent 
100, an inter-stent reinforcement member, such as in 
the PALMAZ-SCHAT2 stent referenced above and in- 
corporated hereby reference, may be employed to pro- 

15 vide resistance to axial compression and longitudinal 
foreshortening of the articulated encapsulated stent 100 
during radial expansion. Still alternatively, a longitudi- 
nally-oriented reinforcing member may be incorporated 
in or associated with one or more of the ePTFE graft 

20 members 112, 1 1 4 to provide axial stability to the artk:- 
ulated encapsulated stent 100 and provkJe resistance 
to longitudinal foreshortening of the ePTFE graft mem- 
bers 112, 114 and maintain spacing between adjacent 
stent members 116, while still permitting articulation of 

2S the encapsulated stent 100, as more fully described in 
co-pending and coowned WO-A-96/35577 (US Patent 
Application Serial No. 08/439,853 filed f^ay 12. 1995). 
[0095] Figure 7B is a transverse cross-sectional view 
taken along line 7B-7B of Figure 7, near an end of the 

30 articulating encapsulated stent-graft 1 00. The first tubu- 
lar shaped biocompatible graft 112 forms the luminal 
surface which surrounds the lumen 122 of the artk:ulat- 
ing stent-graft 100. The plurality of stent members 116, 
and unsupported inten^ening regions 102 form the inter- 

3S mediate region between the first and second tubular 
shaped biocompatible grafts 112, 114, and the outer- 
most abluminal layer is formed by the second tubular 
shaped biocompatible graft 114. 
[0096] Figure 7C illustrates the unsupported interven- 

40 ing region 102 of the articulating stent graft. Figure 7C 
is a transverse cross-sectional view taken along line 7C- 
7C of Figure 7. The first tubular biocompatible graft 112 
forms the luminal surface, while the second tubular bk>- 
compatible graft 114 forms the abluminal surface of the 

46 unsupported inten^ening region 102 of the artrculating 
stent graft 100. 

[0097] As with the previously described embodiments 
of the present inventbn, the articulating stent graft 100 
is assembled using a madrel to mount the first graft 

so member 112, concentrically mount the plurality of stent 
members 116 circumferentially around the first graft 
member 112 leaving spaces between adjacent stent 
members 116 to form the unsupported regions 102, and 
circumferentially cover the plurality of stent members 

ss 116 and the first graft member 112. Both the first and 
second biocompatible tubular graft members 112, 114 
are preferably made of unsintered or partially sintered 
ePTFE tubular extrudates, are mechanically bonded to 
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one another circumferentially about and longitudinally 
along the entire stent-^raft 100 and through a plurality 
of openings in each of the plurality of stent members 
116, and the entire assembly is heated to the sintering 
temperature of ePTFE to sinter the first and second bio- 
compatible tubular graft members 112, 114 into a sub- 
stantially monolithic covering encapsulating the plurality 
of stent members 116. 

[0098] Figure 6 Illustrates a flow chart which depicts 
the process for making the preferred embodiment of the 
radially expanded encapsulated stent. The first step one 
1 30 involves loading a first ePTFE graft onto a mandrel. 
A section of the first ePTFE graft is then wrapped with 
wire or tape to prevent migration of the first ePTFE graft 
on the mandrel in step two 132. The next step, step two 
1 34, comprises pre-dilating one or more stents on a sec- 
ond mandrel. Once the stents are pre-dilated, the stents 
are loaded over the first ePTFE graft and mandrel and 
spaced apart evenly along the length of the first ePTFE 
graft in step four 136. In step five 138, the pre-dilated 
stents are crimped onto the first graft and mandrel. Sub- 
sequent to crimping the pre-dilated stents, a second eP- 
TFE graft is loaded over the crimped stents in step six 
140. The next step, step seven 142, requires wrapping 
the second ePTFE graft at its ends and between the 
crimped stents with a wire wrap. Next, the assembly 
comprising the mandrel, the first ePTFE graft, the 
crimped stents, and the second ePTFE graft Is warmed 
in an oven in step eight 1 44 to facilitate softening of the 
ePTFE and increase contact area between the ePTFE 
layers through the stent. It has been found that step 
eight 1 44 Is an optional step and is not required to obtain 
acceptable stent-graft characteristics. After wanming, 
the entire assembly is helically wrapped with TEFLON 
tape as indicated in step nine 146. In step ten 148, the 
wrapped assembly is then heated to sintering tempera- 
tures. After heating at the sintering temperature of eP- 
TFE, the assembly is removed from the oven, allowed 
to cool and the tape and wire wraps are removed from 
the assembly in step eleven 1 50. Step twelve 1 52 in- 
volves trimming the ePTFE grafts adjacent the ends of 
the stents to form individual encapsulated stents. Final- 
ly, in step thirteen 1 54. the resulting encapsulated stents 
are removed from the mandrel. 
[0099] The following examples describe the prepara- 
tion of the preferred embodiment of the invention which 
comprises the tubular shaped encapsulated stent. The 
examples are meant to be purely illustrative and non- 
limiting. 

EXAMPLE ONE 

[0100] An unsintered three millimeter (mm) intemal 
diameter (ID) ePTFE vascular graft having a wall thick- 
ness of 0.5 mm was loaded ontoa 3 56 mm k)ading man- 
drel Opposing ends of the ePTFE vascular graft were 
wrapped with TEFLON tape to prevent slippage on the 
mandrel. Two PALMAZ P-1 28 stents (Johnson & John- 
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son Inten/entional Systerr^s, Inc., Warren, New Jersey) 
having an outside diameter of 2,5 mm in its unexpanded 
condition and an expanded diameter of 1 2 mm, were 
pre-dilated on a 5.46 mm tapered mandrel. The pre-di- 
s lated stents were then loaded over the 3 mm ePTFE 
graft and spaced equldistantly at 2 mm intervals from 
one another along the length of the 3 mm ePTFE graft. 
Circumferential pressure was applied to the stents to 
embed them into the outer surface underlying ePTFE 
10 graft. Next, an unsintered 4.3 mm ID ePTFE graft having 
a wail thickness of 0.4 mm was concentrteally k>aded 
over the stents and the ePTFE previously mounted on 
the loading mandrel. The opposing ends of the outer eP- 
TFE graft was wrapped with TEFLON tape, without 
IS twisting the ePTFE grafts, to prevent slippage and the 
opposing ends of the inner and outer ePTFE grafts were 
wire wrapped onto the assembly. The entire assembly 
was then tightly wrapped with a helical wrap of TEFLON 
tape and placed into an sintering oven at 327 *C for ten 
minutes The TEFLON taped assembly was then re- 
moved from the oven and the TEFLON tape and wire 
wraps were removed with a continuous tangential pres- 
sure to avoki wrinkling the ePTFE. The ePTFE grafts 
were then cut about one Inch from each wrapped end, 
and the stent-grafts were gently removed from the load- 
ing mandrel and cut to provide a 3 mm ePTFE overiiang 
at both ends of the individual stents. 

EXAMPLE TWO 

[0101] A 3 mm ID thin wall ePTFE graft was loaded 
onto a 3.56 mm mandrel. The top section of the 3 mm 
ePTFE graft was wrapped with TEFLON tape to prevent 
migration. Next, three P-394 PALMAZ stents and three 
P-308 PALMAZ stents were pre-dllated on a 4.74 mm 
mandrel. The three P-394 pre-dilated stents were load- 
ed first onto the 3 mm ePTFE graft, followed by the three 
P-308 pre-dilated stents, and then spaced equidistantly 
from another along the length of the 3 mm ePTFE graft. 
The pre-dilated stents were then crimped onto the man- 
drel and a 4 mm ID ePTFE graft was loaded over the 
crimped stents. The 4 mm ePTFE graft was wire 
wrapped at both its ends and between the crimped 
stents. The entire assembly was then placed in an oven 
for 30 seconds and heated at 340^ C and then removed. 
The assembly was then wrapped tightly with TEFLON 
tape with the three P-308 stents being wrapped first The 
entire TEFLON tape wrapped assembly was then heat- 
ed at a sintering temperature of 375** C for four minutes, 
reversed, and then heated at 375° C for another four 
minutes in order to sinter the ePTFE grafts. The entire 
assembly was then removed and the TEFLON tape and 
wires were removed from the assembly. The grafts were 
then cut approximately one inch from the ends of each 
of the stents and the resulting encapsulated stents were 
gently removed from the mandrel one at a time. The eP- 
TFE grafts were then cut to provkJe a 3 mm overhang 
at each end of the encapsulated stents. 
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EXAMPLE THREE 

[0102] An unsintered three millimeter (mm) internal 
diameter (ID) ePTFE vascular graft having a wall thick- 
ness of 0.5 mm was loaded onto a 3.56 mm loading ^ 
mandrel. Opposing ends of the ePTFE vascular graft 
were with secured with TEFLON tape to prevent slip- 
page on the mandrel. Six PALMAZ P-128 stents, each 
having an outside diameter of 2.5 mm in their unexpand- 
ed condition and a maximum expanded diameter of 1 2 io 
mm, were pre-dilated on a 5.46 mm tapered mandrel. 
After removal from the tapered mandrel, the stents re- 
coiled to a pre-diiated outside diameter of 5.29 mm. The 
pre-dllated stents were then loaded over the 3 mm eP- 
TFE graft and spaced equidistantly at 2 mm intervals is 
from one another along the length of the 3 mm ePTFE 
graft. Circumferential pressure was applied to the stents 
to embed them into the outer surface undertying ePTFE 
graft Next, an unsintered 4.3 mm ID ePTFE graft having 
a wall thickness 0.4 mm was concentrically loaded 20 
over the stents and the ePTFE previously mounted on 
the loading mandrel. The opposing ends of the outer eP- 
TFE graft was wrapped with TEFLON tape, without 
twisting the ePTFE grafts, to prevent slippage and the 
opposing ends of the inner and outer ePTFE grafts were 25 
wire wrapped onto the assembly. The entire assembly 
was then tightly wrapped with a helical wrap of TEFLON 
tape applied at 1 2.4 kPa (1 .8 psi) on a DC powered hel- 
ical wrapping machine, and placed into an sintering ov- 
en at 327 X for ten minutes. The TEFLON taped as- 30 
sembly was then removed from the oven and the TE- 
FLON tape and wire wraps were removed with a contin- 
uous tangential pressure to avoid wrinkling the ePTFE. 
The ePTFE grafts were then cut about one inch from 
each wrapped end, and the stent-graft assembly was ^ 
gently removed as a unit from the loading mandrel and 
cut to provide a 3 mm ePTFE overhang at both ends of 
the stent-graft assembly. 

[0103] The above-described examples formed en- 
capsulated stents which appeared to comprise mono- 40 
lithic structures incapable of complete separation or 
delaminatbn from the stent under conditions of endolu- 
minal delivery, radial expansbn and stent-graft patency 
within the body. Prior experiments produced structures 
having inner ePTFE graft layers which pulled away from ^ 
the stent wall upon removal from the mandrel. This non- 
bonding problem was solved, as evidenced in the 
above-described examples, by using unsintered freshly 
expanded ePTFE extrudate to increase bond strength . 
between the luminal and abluminal ePTFE grafts. so 
[0104] The ePTFE grafts preferably comprise initial 
intemodal distances (INDs) within a range of 0.1 to 100 
mkjrons. Further, the inner and outer ePTFE grafts 
which comprise the radially expandable encapsulated 
stent may have different INDs and wall thicknesses to ss 
facilitate radial expansion and promote healing and tis- 
sue ingrowth. 

[0105] All tubular embodiments of the radially ex- 
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pandable reinforced vascular graft are designed to be 
used with conventional balloon catheters making the de- 
livery system for the device simple, easily accessible, 
and cost effective. Once the stent graft positbned en- 
doluminalty, the stent graft is radially expanded using an 
angioplasty balloon. During expansion, the ePTFE en- 
capsulation radially expands, with a concomitant 
change in the node-fibril microstructure due to radial ex- 
pansion of the ePTFE, as deputed in Figures 18-20 il- 
lustrating the abluminal wall surface, the luminal wall 
surface and a cross-section through the ePTFE encap- 
sulation for the unexpanded stent-graft and the unex- 
panded stent-graft. While some separation occurs be- 
tween the luminal and abluminal layers of the ePTFE 
encapsulation, which is believed due to tearing of the 
bonded layers by movement of the stent struts through 
the ePTFE material, it has been found that at least 30% 
of the monolithic ePTFE encapsulation remains fully 
and integrally bonded. After radial expansbn, the en- 
capsulated stent-graft has the visual appearance of an 
ePTFE tubular graft with a stent imbedded between lu- 
minal and abluminal ePTFE walls. 
[0106] Figures 9-20 are photomicrographs and elec- 
tron micrographs of the inventive stent-graft assembly. 
[0107] Figure 9 is a photomicrograph transverse 
cross-sectional view of the sintered unexpanded stent- 
graft assembly showing the stent struts embedded and 
encased within the luminal and abluminal ePTFE grafts. 
The ePTFE encapsulation appears to be continuous 
and without Interlay er demarcation. 
[0108] Figure 10 is a higher magnification photomi- 
crograph of an arcuate transverse cross-section of the 
stent-graft assembly depicted in Figure 9. Again the 
stent struts appear embedded and encased within the 
luminal and abluminal ePTFE grafts and the ePTFE en- 
capsulation appears to be continuous and without inter- 
layer demarcatbn. 

[01 09] Figure 11 is an electron micrograph of a trans- 
verse cross-section of an unexpanded inventive stent- 
graft assembly showing a single stent strut encapsulat- 
ed between the luminal and abluminal ePTFE grafts. It 
will be noted that the ePTFE appears to be completely 
and integrally bonded as a monolithic structure sur- 
rounding the stent strut, without interlayer demarcatkxi 
and without significant void space adjacent the stent 
strut. 

[0110] Figure 12 is a higher magnificatbn electron mi- 
crograph of the same section as illustrated in Figure 11 , 
taken adjacent the stent strut showing the small voki 
space where the luminal and abluminal ePTFE grafts 
bond. It will be understood, by those skilled in the art, 
the luminal and abluminal ePTFE grafts appear fully 
bonded as an integral monolithic structure without any 
substantial demarcatk>n between the bonded layers. 
[0111] Figu re 1 3 is a photomicrograph of a transverse 
cross-sectkxi of a radially expanded stent-graft assem- 
bly. When compared to Figure 9. it will be understood 
that the stent struts have been displaced during radial 
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expansion, creating the void spaces adjacent the stent 

struts However, it will also be noted that substantial 
bonded areas of the ePTFE luminal and abluminal grafts 
remain between adjacent struts. 

[01 1 2] Figure 1 4 is a higher magnification photomlcro- s 
graph taken of a transverse cross-section of an arcuate 
portion of the radially expanded stent-graft, as depicted 
In Figure 13. It will be understood that substantial re- 
gions of bonded ePTFE remain between adjacent struts 
after radial expansion of the stent-graft io 
[0113] Figures 15-17 are electron micrographs illus- 
trating lower and higher magnification views of the same 
transverse cross-sectional area of a radially expanded 
stent-graft. When compared to Figure 11 , it will be seen 
in Figure 1 5 that a void space has been created adjacent is 
the stent strut due to radial expansion of the stent graft. 
In Figure 1 6, however, it wilt be seen that the void space 
created during radial expansion of the stent-graft is con- 
fined and does not propagate into the adjacent ePTFE 
bonded area, which is noticeably free of fracture lines. 20 
Figure 17 is a scanning electron micrograph illustrating 
the void area as in Figure 16, again illustrating that the 
void area created during radial expansion of the stent- 
graft is confined and does not propagate into the adja- 
cent ePTFE bonded area. 2S 
[Oil 4] Figure 1 8A and 1 8B are electron micrographs 
taken of the outer luminal wall surface of the inventive 
stent-graft assembly, in its unexpanded and expanded 
state, respectively. Figures 19A and 19B are electron 
micrographs taken of the inner luminal wall, showing un- 30 
derlying stent struts, in its unexpanded and expanded 
state, respectively. Finally, Figures 20A and 20B are 
scanning electron micrographs of freeze fractured 
cross-sections of luminal and abluminal grafts sintered 
together without in inten^ening stent using the method 3S 
of the present invention. In a radially unexpanded and 
radially expanded conditions, respectively. From each 
of Figures 18A-20B, it can readily be seen that when the 
stent-graft Is radially expanded, the ePTFE node-fibril 
mferostmcture undergoes nodal elongation in the axis 40 
of radial expansion while the bonded area of sintered 
ePTFE in the wall thickness remains integrally and nnon- 
olithically bonded, and substantially without interlayer 
demarcation. 

[0115] As illustrated in these mk^rographs, PTFE ex- 
trudate which is longitudinally expanded has a charac- 
teristb node and fibril microstructure in which the fibrils 
are uniaxially oriented parallel to the axis of tongitudinal 
expansion. When a sintered tubular ePTFE graft is ra- 
dially expanded, fibril lengtn remains substantially con- so 
stant, but there is a elongation of the nodes atong the 
axis of radial expansion and substantially perpendicular 
to the axis of longitudinal expansion of the ePTFE tubu- 
lar graft. Upon radial expansion of any of the embodi- 
ments of the encapsulated stent-graft of the present in- ss 
vention, nodal elongation is found. Thus, with the 
present invention, radial expansion of the stent occurs 
with a concomitant change in the node-fibril mk:rostruc- 



ture of the ePTFE encapsulation surrounding the stent. 
[0116] Finally, as illustrated in Figure 21, a sheath- 
less stent-graft delivery system 250 Is illustrated. When 
mounted onto a balloon catheter 252 for percutaneous 
delivery, the inventive stent-graft 260 nK>unted concen- 
trically over the dilatation balloon 254 and proximal to 
an atraumatic catheter tip 262, provides a sheath-less 
delivery system. Because the encapsulated stent-graft 
260 has an abluminal covering of ePTFE encapsulated 
around the underlying stent, the encapsulated stent- 
graft 160 protects the underiying balloon 254, protects 
the anatomical passageway from trauma due to the 
stent, and provides a low friction external surface to fa- 
cilitate intraluminal delivery. 

[0117] While the invention has been described with 
reference to preferred embodiments thereof, the de- 
scription is for illustrative purposes only and Is not to be 
construed as limiting the scope of the invention. Various 
modifications and changes may be made by those 
skilled in the art without departing from the scope of the 
invention as defined by the appended damns. 

Claims 

1. A radially expandable reinforced vascular graft 
comprising: 

at least one tubular radially expandable support 
member (22) having a plurality of openings 
passing through walls of the support member, 
and 

at least first and second expanded poly- 
tetrafluoroethylene layers (24, 26) with a node- 
fibril mbrostructure, the saki layers being re- 
spectively kx:ated circumferentially Inside and 
outside the support member thereby sun-ound- 
ing and at least substantially enclosing the at 
least one tubular radially expandable support 
member, also passing into and through the plu- 
rality of openings (30) passing through the walls 
of the support member the graft being charac- 
terised in that: 

i) the poiytetrafluoroethylene layers are is 
tubular and seamless; and 

ii) the microstructure of both the first and 
second expanded poiytetrafluoroethylene 
tubular layers exhibit fibrils oriented paral- 
lel to the tube axis, whereby both the poiy- 
tetrafluoroethylene layers are radially ex- 
pandable with the support member to an 
expanded diameter. 

2. The radially expandable reinforced vascular graft of 
claim 1 wherein the expanded poiytetrafluoroethyl- 
ene tubular layers are provkJed as first and second 
expanded poiytetrafluoroethylene graft members 
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(24, 26) joined together thereby forming an Integral 
structure passing through the openings of said sup- 
port layer and substantlaffy covering said support 
member and wherein the node-fibril microstructure 
undergoes nodal elongation during radial expan- 5 
slon to the expanded diameter 

3. The radially expandable reinforced vascular graft of 
claim 2 wherein the plurality of openings in the sup- 
port member are separated by a plurality of struts io 
(32) and the first and second expanded poly- 
tetrafluoroethylene graft layers are joined together 
through said plurality of openings and between the 
plurality of struts. 

IS 

4. The radially expandable reinforced vascular graft of 
an one of the preceding claims wherein the support 
member further comprises at least one of silver, ti- 
tanium, stainless steel, gold, alloy, tantalum, nitinol 
and any suitable plastic material which is radially 20 
expandable and resists radial collapse. 

m 

5. The radially expandable reinforced vascu lar graft of 
any one of the preceding claims wherein the sup- 
port member comprises a stent. 2S 

6. The radially expandable reinforced vascular graft of 
claim 5, wherein said at least one tubular radially 
expandable support member further comprises a 
plurality of tubular stent members serially posi- 30 
tioned end-to-end in a longitudinally extending ar- 
ray with substantially open annular spaces between 
adyacent tubular stent members. 

7. The radially expandable reinforced vascular graft of 3S 

claim 5 or 6, wherein said radially expandable tubu- 
lar support member further comprises a tubular 
stent having a plurality of openings separated by a 
plurality of struts. 

40 

8. The radially expandable reinforced vascular graft of 
claim 5, 6 or 7, wherein the stent further comprises 
a balloon expandable stent. 

9. The radially expandable reinforced vascular graft of 4S 
claim 5, 6 or 7, wherein the stent further comprises 

a self-expanding material. 

1 0. The radially expandable reinforced vascular graft of 
claim 5, 6 to 7, wherein the stent further comprises ^ 
a nitinol stent. 

1 1 . The radially expandable reinforced vascular graft of 
any one of the preceding claims wherein the mate- 
rial of the polytetrafluoroethylene tubular layers is ^ 
characterised by having intemodal distances within 

the range of 0.10 to 100 micrometers. 



12. The radially expandable vascular graft of any one 
of the preceding claims wherein said radially ex- 
pandable tubular shaped support member compris- 
es a plurality of radially expandable tubular shaped 
support members serially aligned in a longitudinal 
array with Inten^ening unsupported spaces be- 
tween adjacent radially expandable tubular shaped 
support members. 

1 3. The radially expandable reinforced vascular graft of 
any one of the preceding claims, wherein the first 
and second expanded polytetrafluoroethylene tu- 
bular layers are monollthically joined to one another 
together through the openings passing through the 
tubular walls of the tubular support member. 

14. The radially expandable reinforced vascular graft of 
claim 13, wherein said first and second expanded 
polytetrafluoroethylene tubular layers suround first 
and second ends of said radially expandable tubu- 
lar support member. 

15. The radially expandable reinforced vascular graft of 
any one of the preceding claims, wherein the first 
and second expanded polytetrafluoroethylene tu- 
bular layers are selected to have at least one of dif- 
fering Intemodal distances and differing wall thick- 
nesses. 

16. The radially expandable vascular graft of any one 
of the preceding claims, wherein the at least one 
radially expandable support member comprises at 
least two radially expandable tubular shaped sup- 
port members positioned at predetermined distanc- 
es from one another such that said tubular shaped 
support members are positioned at opposing ends 
of the first and second expanded polytetrafluoroeth- 
ylene tubular layers with an Intermediate longitudi- 
nal region of the first and second expanded poly- 
tetrafluoroethylene tubular layers being unsupport- 
ed by a radially expandable tubular shaped support 
member 

17. A process for making a radially expandable rein- 
forced vascular graft comprising the steps of: 

a) positioning over a support a first layer of sub- 
stantially un sintered expanded polytetrafluor- 
oethylene seamless tubular material with fibrils 
parallel to the tube axis; 

b) concentrically positioning a radially expand- 
able support member circumferentially around 
the first substantially unslntered expanded pol- 
ytetrafluoroethylene tubular material, such that 
at least a substantial longitudinal extent of the 
radially expandable support member contacts 
the first substantially unsintered expanded pol- 
ytetrafluoroethylene material; 
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c) concentrlcalty positioning a second layer of 
substantially unsintered expanded poly- 
tetrafluoroethylene seamless tubular material, 
with fibrils parallel to the tube axis, circumfer- 
entially around the radially expandable support s 
member and the first substantially unsintered 
expanded polytetrafluoroethylene material; 
and 

d) affixing said layer of support material to said 
first and second layers of biocompatible graft 10 

material such that all of said layers are substan- 
tially Inseparable from one another and are ra- 
dially expandable with one another. 

18. The process of claim 1 7, wherein said affixing step is 
further comprises the steps of: 

applying circumferential pressure to first and 
second layers of substantially unsintered ex- 
panded polytetrafluoroethylene materials and 20 
to the support member; and 
sintering the first and second layers of substan- 
tially unsintered expanded polytetrafluoroethyl- 
ene materials under the influence of the applied 
circumferential pressure, thereby encapsulat- 25 
ing the support member. 

PatentansprOche 

30 

1. Radial ausdehnbares verstarktes QefaBimplantat, 
mit: 

wenigstens einem rohrenformigen radial aus- 
dehnbaren StOtzelement (22) mit mehreren 35 
Offnungen, die durch Wande des Stutzele- 
ments treten, und 

wenigstens ersten und zweiten ausgedehnten 
Polytetrafluorethylen-Schichten (24, 26) mit ei- 40 
ner Knoten-Faserchen-Mikrostruktur, wobei 
die Schichten jeweils in Umfangsrichtung in- 
nerhalb und auBerhaib des Stutzelements an- 
geordnet sind, wodurch sie das wenigstens ei- 
ne rohrenfdmiige radial ausdehnt>are Stutzele- ^ 
ment umgeben und wenigstens im Wesentli- 
chen umschlieBen, wobei sie femer In und 
durch die mehreren Offnungen (30) treten, die 
durch die Wande des Stutzelements treten, wo- 
bei das Implantat dadurch gekennzelchnet ist, so 
dass : 

i) die Poiytetrafluorethylen-Schichten roh- 
renfdrmlg und nahtios sind; 

55 

ii) die Mikrostruktur sowohl der ersten als 
auch der zweiten ausgedehnten Polyte- 
trafluorethylen-Rohrenschicht Faserchen 
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zeigt, die parallel zu der Rohrachse ausge- 
rlchtet sind, wodurch beide Polytetrafluore- 
thylen-Schichten mit dem StOtzelement zu 
einem ausgedehnten Durchmesser radial 
ausdehnbar sind. 

2. Radial ausdehnbares verstarktes GefaBimplantat 
nach Anspruch 1, wobei die ausgedehnten Polyte- 
trafluorethylen-Rohrenschichten als erste und 
zweite ausgedehnte Polytetrafluorethylen-lmplan- 

tatelemente (24, 26) vorgesehen sind, die mitein- 
ander verbunden sind, wodurch eine integrale Qe- 
staltung ausgebildet wird, die durch die Offnungen 
der StOtzschicht tritt und im Wesentlichen das 
St ut?e lament abdeckt, und wobei die Knoten-Fa- 
serchen-Mikrostruktur wahrend der radialen Aus- 
dehnung zu dem ausgedehnten Durchmesser einer 
Knotenverlangerung unteriiegt. 

3. Radial ausdehnbares verstarktes GefaBimplantat 
nach Anspruch 2, wobei die mehreren Offnungen 
in dem StOtzelement durch mehrere Verstrebungen 

(32) getrennt sind, und die erste und die zweite aus- 
gedehnte Polytetrafluorethylen-lmplantatschicht 
miteinander durch die mehreren Offnungen und 
zwischen den mehreren Verstrebungen verbunden 
sind. 

4. Radial ausdehnbares verstarktes GefaBimplantat 
nach einem der vorangehenden Anspruche, wobei 
das StOtzelement femer wenigstens eines von Sil- 
ber, Titan, Edelstahl, Gold, einer Legierung, Tantal, 
Nitinot und einem belieblgen geeigneten Plastwerk- 
stoff aufweist, der radial ausdehnbar ist und einem 
radialen Zusammenbruch widersteht. 

5. Radial ausdehnbares verstarktes GefaBimplantat 
nach einem der vorangehenden Anspruche, wobei 
das StOtzelement einen Stent aufweist 

6. Radial ausdehnbares verstarktes GefaBimplantat 
nach Anspruch 5, wobei das wenigstens eine roh- 
renfonmige radial ausdehnbare StOtzelement femer 
mehrere rohrenformige Stentetemente aufweist. 
die in Reihe Ende zu Ende in einer sich in Langs- 
richtung ausdehnenden Reihe mit im Wesentlichen 
offenen ringformigen Raumen zwischen benach- 
barten rohrenformigen Stentelementen angeordnet 
sind. 

7. Ftodial ausdehnbares verstarktes GefaBimplantat 
nach Anspruch 5 oder 6, wobei das radial ausdehn- 
bare rdhrenformige StOtzelement femer einen roh- 
renformigen Stent mit mehreren Offnungen auf- 
weist, die durch mehrere Verstrebungen getrennt 
sind. 

8. Radial ausdehnbares verstarktes GefaBimplantat 
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nach Anspruch 5, 6 oder 7, wobei der Stent ferner 
einen durch einen Ballon ausdehnbaren Stent auf- 
weist. 

9. Radial ausdehnbares verstarktes GefaQimplantat 5 
nach Anspruch 5, 6 Oder 7, wobei der Stent femer 
ein sich selbst ausdehnendes Material aufwetst. 

10. Radial ausdehnbares verstarktes GefaBimplantat 
nach Anspruch 5, 6 oder 7. wobei der Stent femer io 
einen Nitinoistent aufweist. 

11. Radial ausdehnbares verstarktes GefaBimplantat 
nach einem der vorangehenden AnsprOche, wobei 
das Material der Polytetrafluorethylen-Rohren- is 
schichten dadurch gekennzelchnet ist, dass es 
Zwischenknotenabstande innerhalb des Berelchs 
von 0,10 bis 100 Mikrometer aufweist. 

12. Radial ausdehnbares verstarktes GefaBimplantat 20 
nach einem der vorangehenden AnsprOche, wobei 
das radial ausdehnbare rohrenformig geformte 
Stutzelement mehrere radial ausdehnbare rohren- 
formig geformte StOtzelemente aufweist, die in Rei- 

he in einer Langsreihe mit dazwischen befindlichen 25 
nicht gestutzten Raumen zwischen benachbarten 
radial ausdehnbaren rohrenformig geformten 
Stutzelementen aufweist. 

13. Radial ausdehnbares verstarktes GefaBimplantat 30 
nach einem der vorangehenden AnsprOche, wobei 

die erste und die zweite ausgedehnte Polytetrafluo- 
rethylen-Rohrenschlcht monolithisch mitelnander 
durch die Offnungen verbunden sind, die durch die 
rohrenfonmigen Wande des rohrenfdrmigen Stutz- ^ 
elements treten. 

14. Radial ausdehnbares verstarktes GefaBimplantat 
nach Anspruch 13, wobei die erste und die zweite 
ausgedehnte Polytetrafluorethylen-Rohrenschicht 40 
erste und zweite Enden des radial ausdehnbaren 
rohrenfdrmigen Stutzelements umgeben. 

15. Radial ausdehnbares verstarktes GefaBimplantat 
nach einem der vorangehenden AnsprOche, wobei ^ 
die erste und die zweite ausgedehnte Polytetrafluo- 
rethylen-Rohrenschicht derart gewahit sind, dass 

sie einen unterschiedlichen Zwischenknoten-Ab- 
stand und/oder oder eine unterschiedliche Wand- 
dicke aufweisen. so 

16. Radial ausdehnbares verstarktes GefaBimplantat 
nach einem der vorangehenden AnsprOche, wobei 
das wenigstens eine radial ausdehnt>are StOtzele- 
ment wenigstens zwei radial ausdehnbare rohren- ss 
formiggefomnte StOtzelemente aufweist, die an vor- 
bestimmten Abstanden voneiriander derart ange- 
ordnet sind, dass die rohrenformig geformten StOtz- 
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elemente an entgegengesetzten Enden der ersten 
und der zwelten ausgedehnten Polytetrafluorethy- 
len-Rohrenschicht angeordnet sind, wobei ein 
Langs-Zwischenbereich der ersten und zweiten 
ausgedehnten Polytetrafluorethylen-Rohren- 
schicht durch ein radial ausdehnbares rohrenformig 
geformtes Stutzelement nbht gestutzt ist. 

17. Verfahren zur Herstellung eines radial ausdehnba- 
ren verstaricten GefaBimptantats mit folgenden 

Schritten: 

a) Anordnen einer ersten Schicht von im We- 
sentlichen ungesintertem, ausgedehntem, 
nahtlosem Polytetrafluorethylen-Rohrenmale- 
rial mit Faserchen, die parallel zu der Rohrach- 
se sind, Ober einer Stutzung; 

b) konzentrisches Anordnen eines radial aus- 
dehnbaren StOtzelemenis in Umfangsnchtung 
um das erste im Wesentlichen ungesinterte 
ausgedehnte Polytetrafluorethylen-Rohrenma- 

terial derart, dass wenigstens ein wesentliches 
LangsausmaB des radial ausdehnbaren StOtz- 
elemente das erste im Wesentlichen ungesin- 
terte ausgedehnte Polytetrafluorethylen-Mate- 
rial beruhrt; 

c) konzentrisches Anordnen einer zweiten 
Schk^ht von im Wesentlichen ungesintertem, 
ausgedehntem, nahtbsem Polytetrafluorethy- 
len-Rohrenmaterial mit Fasem parallel zu der 
Rohrachse, in Umfangsnchtung um das radial 
ausdehnbare StOtzelement und das erste Im 
Wesentlichen ungesinterte ausgedehnte Poly- 
tetrafiuorethylen-Material; und 

d) Befestigen der Schicht von Stutzmaterial an 
die erste und zweite Schicht von biokompati- 
blem Imptantatmaterial derart, dass samtllche 
Schichten im Wesentlichen voneinander un- 
trennbar und radial mitelnander ausdehnbar 
sind. 

18. Verfahren nach Anspruch 17, wobei der Befestl- 
gungsschritt femer folgenden Schritt aufweist: 

Anwenden von Umfangsdruckauf die erste und 
zweite Schicht des im Wesentlichen ungesin- 
terten ausgedehnten Polytetrafluorethylen-Ma- 
teriais und auf das StOtzelement; und 

Sintern der ersten und zweiten Schk:ht von im 
Wesentlbhen ungesintertem ausgedehnten 
Polytetrafluorethylen-Material unter dem Ein- 
fluss des aufgebrachten Umfangsdrucks, wo- 
durch das StOtzelement eingeschlossen wird. 
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Revendicatlons 

1. Implant vasculaire renforcd radiaiement dilatable 
comprenant : 

5 

au molns un dl^ment de support tubutaire ra- 
diaiement dilatable (22) ayant une plurality 
d'ouvertures traversant les parois de I'^l^ment 
de support, et 

au molns des premiere et seconde couches de io 
polytdtrafluorodthyt^ne expanse (24, 26) avec 
une microstructure de noeud-fibrilfes, lesdites 
couches etanl respectivement situ6es clrcon- 
f^rencieilement k I'intdrieur et ci rext^rieur de 
r^l^ment de support entourant et au moins en* 
fermant senslblement ainsi le au moins un Ele- 
ment de support tubulaire radiaiement dilata- 
ble, passant dgalement dans et k travers la plu- 
rality des ouvertures (30) traversant les parois 
de i'dldment de support, I'lmplant 6tant carac- 20 
X6r\s6 en ce que: 

i) les couches de polyt^trafluorodthylene 
sont tubulaires et sans soudures; et 

ii) la micro-structure des deux premiere et 2$ 
seconde couches tubulaires en polyt^tra- 
fluoro6thyl6ne expanse montre des fr- 
brilles orient^es parall^les k Taxe du tube, 
d'ou il rdsutte que les deux couches de po- 
lytdtrafluorodthyl^ne sont dilatables radia- 30 
lement avec I'Sldment de support jusqu'^ 

un diam^tre dilat6. 

2. Innptant vasculaire renforcd radiaiement dilatable 
selon la revendication 1, dans lequel les couches 3S 
tubulaires en polytdtrafluoroethyl^ne expanse sont 
pr6vues comme premier et second 6l6ments d'im- 
plant en polyt6trafluoro6thyl6ne expanse (24, 26) 
raccord6s ensemble formant de ce fait une structu- 
re d'une seule pidce passant k travers les ouvertu- 40 
res de ladite couche de support et recouvrant sen- 
siblement ledit didment de support et dans lequel ta 
micro-structure de noeud-flbrilies subit un allonge- 
ment nodal pendant la dilatatbn radiate jusqu'au 
diamdtre dilate. 4S 

3. Implant vasculaire renforcS radiaiement dilatable 
selon revendication 2, dans lequel la plurality des 
ouvertures dans I'^t^ment de support sont sepa- 
r6es par une plurality d'espaceurs (32) et les pre- so 
mifere et seconde couches d'implant en polyt6tra- 
fluoro^thyl^ne expanse sont raccorddes ensemble 

k travers ladite plurality d'ouvertures et entre ia plu- 
rality d'espaceurs. 

55 

4. Implant vasculaire renforcS radiaiement dilatable 
selon rune quelconque des revendications pr6c6- 
dentes dans lequel ryi^ment de support comprend 



en outre au moins un 6l6ment parmi Targent, le ti- 
tane, I'acier inoxydable, I'or, un alliage, le tantale, le 
nitinol et toute matidre plastique appropri^e quel- 
conque qui est dilatable radiaiement et rdsiste k une 
deformation radiale. 

5. Implant vasculaire renforcd radiaiement dilatable 
selon I'une quelconque des revendications prdcd- 
dentes, dans lequel ryidment de support comprend 
un dilatateur. 

6. Implant vasculaire renforc^ radiaiement dilatable 
selon la revendication 5, dans lequel ledit au moins 
un yi^ment de support tubulaire radiaiement dilata- 
ble comprend en outre une pluralite d'^ISments di- 
tatateurs tubulaires positionnds en s^rie bout k bout 
en une rang^e s'6tendant bngitudinalement avec 
des espaces annulaires senslblement ouverts si- 
tu^s entre les dldments dilatateurs tubulaires adja- 
cents. 

7. Implant vasculaire renforcd radiaiement dilatable 
selon la revendication 5 ou 6, dans lequel ledit ^16- 
ment de support tubulaire radiaiement dilatable 
comprend en outre un dilatateur tubulaire ayant une 
plurality d'ouvertures sypar^es par une plurality 
d'espaceurs. 

8. Implant vasculaire renforcy radiaiement dilatable 
selon la revendication 5,6 ou 7, dans lequel le dila- 
tateur comprend en outre un dilatateur gonflable du 
type ballonnet. 

9. Implant vasculaire renforcy radiaiement dilatable 
selon la revendication 5, 6 ou 7, dans lequel le di- 
latateur comprend en outre un matyriau auto-dila- 
table. 

10. Implant vasculaire renforcy radiaiement dilatable 
selon la revendication 5, 6 et 7, dans lequel le dila- 
tateur comprend en outre un dilatateur en nitinol. 

11. Implant vasculaire renforcy radiaiement dilatable 
selon I'une quelconque des revendications prycy- 
dentes, dans lequel le matyriau des couches tubu- 
laires en polytytrafluoroythyiyne est caractyrisy en 
ayant des distances intemodales dans la plage de 
0,10 a 100 microrndtres. 

12. Implant vasculaire radiaiement dilatable selon I'une 
quelconque des revendicatbns prycydentes, dans 
lequel ledit yiyment de support de forme tubulaire 
radiaiement dilatable comprend une plurality d'yiy- 
ments de support de forme tubulaire radiaiement di- 
latables allgnys en syrie en une rangye longitudi- 
nale avec les espaces non-supportys intenrnydial- 
res entre les yiyments de support de forme tubulai- 
re adjacents radiaiement dilatables. 
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13. Implant vasculaire renforcS radialement dilatable 
selon Tune quelconque des revendications pr6c6- 
dentes, dans lequel les premiere et seconde cou- 
ches tubuiaires en polyt^trafluorodthyl^ne expanse 
sont raccorddes monolithlquement Tune k I'autre d s 
travers les ouvertures traversant les parois tubuiai- 
res de I'dldment de support tubulalre. 

14. Implant vasculaire renforcd radialement dilatable 
selon la revendicatbn 1 3, dans lequel lesdites pre- io 
midre et seconde couches tubuiaires en polyt^tra- 
fluoro6thyl6ne expans6 entourent les premiere et 
seconde extr^mitSs dud it dl^ment de support tubu- 
lalre radialement dilatable. 

IS 

15. Implant vasculaire renforcd radialement dilatable 
selon Tune quelconque des revendications pr^cd- 
dentes, dans lequel les premiere et seconde cou- 
ches tubuiaires en polytdtrafluorodthyldne expanse 
sont choisles pour avoir au molns des distances In- 20 
temodales diffdrentes et des dpaisseuis de paroi 
diff6rentes. 

1 6. Implant vasculaire radialement dilatable selon Tune 
quelconque des revendications pr6cedentes, dans 25 
lequel le au moins un 6l6ment de support radiale- 
ment dilatable comprend au moins deux 6l6ments 

de support de forme tubulaire radialement dilata- 
bles positionnds k des distances pr^d^terminees 
run de i'autre d'une manidre telle que lesdits 6ld- 3o 
ments de support de forme tubulalre sont position- 
nds k des extr^mitds oppos6es des premiere et se- 
conde couches tubuiaires en polytetrafluorodthyld- 
ne expansd avec une region longitudlnale intermd- 
diaire des premiere et seconde couches tubuiaires ^ 
en polytetrafluoroethyl6ne expansd n'etant pas 
support6e par un 6l6ment de support de forme tu- 
bulaire radialement dilatable. 

17. Proced6 pour fabriquer un implant vasculaire ren- 40 
forcd radialement dilatable comprenant les etapes 
consistant k : 



c) posltionner concentriquement une seconde 
couche d'un mat^riau tubulaire sans soudures 
de polyt6trafluoro6thyl6ne expanse sensible- 
ment non-frlttd, avec des fibrilles parall^les k 
I'axe du tube, circonf6rencieIlement autour de 
{'Element de support radialement dilatable et du 
premier matdriau de polyt6trafluoro6thyl^e 
expanse sensiblement non-f rittS ; et 

d) fixer ladite couche de matdriau de support 
auxdites premiere et seconde couches du ma- 
t^riau d' implant biocompatible d'une manidre 
telle que toute lesdites couches soient sensi- 
blement inseparables les unes des autres et 
soient radialement dilatables les unes avec les 
autres. 

18. Proc6d6 selon la revendication 17, dans lequel la- 
dite 6tape de fixation comprend en outre les stapes 
consistant k : 

appliquer une pression circonf^rencielle aux 
premiere et seconde couches des mat^riaux de 
polytetrafluoro6thyl^ne expanse sensiblement 
non-frittd et k r6I6ment de support ; et 
fritter les premiere et seconde couches des ma- 
t^riaux de polyt^traftuoro^thyi^ne expansd 
sensiblement non-fritt6s sous I'influence de la 
pression circonf^renclelle appliqu6e, encapsu- 
lant de ce fait {'Element de support. 
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a) posltionner sur un support une premidre cou- 
che d'un mat^riau tubulalre sans soudures en ^ 
polyt6trafluorodthyldne expanse sensiblement 
non frittd avec des fibrilles parall^les k I'axe du 
tube ; 

b) positionner concentriquement un 6l6mentde 
support radialement dilatable circonf6rencielle- 50 
ment autour du premier mat6riau tubulaire en 
potytStrafluorodthyl^ne expanse sensiblement 
non-fritte, d'une manidre telle qu'au moins une 
etendue longitudlnale substantlelle de 1*61^ 
ment de support radialement dilatable soit en 
contact avec le premier matdriau de polyt^tra- 
fluorodthyldne expansd sensiblement non- 
frittd; 
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